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A REVIEW OF THE NEW WORLD PHYSOCEPHALA' 
(Diptera: Conopidae) 


SIDNEY CAMRAS 
Chicago, 
The present paper completes my studies of the Physocephala buccalis Van Duzee, Proce, Calif, Acad 
New ae ase ‘ 16: 


material accumulated by R. C. Shannon, now in Amer., 27: 315 
the U.S. National Museum. Study of the older 
Chis species is highly variabl he dark of 


species has necessitated a number of important 
changes of names, but some of them still remain 
. lave rie as yet ‘CTL ua: wit 
dark cheeks that has the anterior coxa dark 


the front and cheeks may be entirely absent | 


species have been placed in the key from the 

descriptions; but identifications on this’ basis i A f ons 1 wie Phe 

variable There may be some darkening in the 


My thanks are due to the following for the 
loan of material and information on types: C. 
W. Sabrosky, U. S. Department of Agriculture; ; 
H. Oldroyd and D. J. Clark, British Museum ' the other Conopidae 
(Natural History): S. L. Tuxen and E. Zimsen, A cotype of ochreiceps 11) the Britt h Museum 
Universitet Zoologiske Museum, Copenhagen; D. J. Clark 
P. J. Darlington, Jr., Museum of Comparative found in the Southeastern 
Zoology; E. Séguy, Muséum National d’Histoire United States, so the locality Georgia, may b 
Naturelle, Paris; H. Dietrich, Cornell University ; 
and H. V. Weems, Jr., State Plant Board of 
Florida, Gainesville. 


facial grooves, showing intergradation with mar 
ginala. Aberrant antennal proportions occur a 


an error 

RANGE: Quebec, Ontario, New York, Michi 
gan, Indiana, and Texas, west to British Colum 
bia and Cahforma. Mexico 


Physocephala soror 


Physocephala soror Krober, 1915, Arch. Naturg., 81, A Physocephala burgessi (Williston) 
143 Conops burgesst Williston, 1882, Trans. Conn. Acad. Art 
& 4: 337 
[ have not seen this Species, It VC! Physocephala brevirostris \ Duzer 1927, Proc. ¢ 
close to fexana, but is widely separated from it in Acad. Sci., 16: 579 
distribution. 
species is relatively uniform and. readil 
RANGE: Argentina (Mendoza). distinguished from fexana by the combination of 


entirely dark cheek and black antenor coxa 


Physocephala texana (Williston) 
Art RANGE Alberta to Te i vest to British 


Conops texanus Williston, 1882, Trans. Conn. Acad 


& Sci., 4: 338 Columbia and California 
Conops affinis Williston, Trar Conn. Acad. Arts & 

Sci., 4: 339 > ar als illate 
Conops ochreiceps Bigot, 1887, Ann. Soc, Ent. France, Physocephala furcillata (\Willist« 

7:39 Conops furcillata Williston ISS2, ‘Tras (on A 
Physocephala humeralis Van Duzee, 1927, Proc, Cali Arts & Sei., 4: 336 

Acad. Sci., 16: 580 Physocephata sororcula W B 
Physocephala humeralis simulans Van Duzee, Proc, Calit Diptera, 3: 84 

Acad. Sci., 16: 58] Physocephala lucida Van Duze 1941, ¢ Ent., 64° 284 
wies Van Duzee, Pro alif. Acad The two specimet that I have een fror 

Sci., 

Mexico (Federal District) are very dar vitl 
‘Accepted for publication May 9, 1956 black | ¥ and have golden pone! \t first I 
214 
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used the name sororcula for these specimens, but 


Clark and Oldroyd inform me that the cotypes 
of sororcula in the British Museum have reddish 
legs and whitish pollen, thus agreeing with 
furcillata. The specimen from Panama referred 
here by Parsons, belongs to inhabilis. The speci- 
mens from California recorded by Parsons, are 
typical furcillata, but Darlington informs me 
that the data on these specimens are open to 
question, 

RANGE: Nova Scotia and New Brunswick 


west to Alberta, Minnesota, and 
Mexico. 


to Pennsylvania, 
Wiseonsin. California?’ 


Physocephala marginata (Say) 


Conops marginala Sas 1823, Jour. Acad. Nat. Sci., 


Philadelphia, 3: $2 
Physocephala dakotensis Van Duzee, 
Amer., 27: 317 
Physocephala stylifer 
Amer, 27: 318 
Intermediates between this species and lexana 
occur. I use this name for western specimens 
only if the facial grooves are distinctly blackish. 
RANGE: New Hampshire to North Carolina, 


west to Washington and California. 


1934, Ann 


Ent. 


Van Duzee, 1934, Ann. Ent. Soc 


Physocephala sagittaria (Say) 


, 182%, Jour. Acad. Nat, Sci., Phila 


Conops sagittaria Say 
cle Iphia, 3 


Conops aethiops Walker, 1849, List Dipt. Brit. Mus., pt 


671 
Conops dimidiatus Walker, 1852, Dipt. Saundersiana, 4 
254 
Conops penualis Loew, 1853, Neue Be itrape, 1: 32 
Conops castanoptera Loew, 1853, Neue Beitrage, 1: 33 
( ono ps ruficornis Van Duzee 1934, Ann. Ent. Soc. Amer 
27: 315 
I have decided to keep this separate from 
marginata, although intermediates occur. In the 


vasl majority of specimens, the two species are 
readily separable 

Clark and Oldroyd inform me that the type of 
dimidiata keys out to this species; and it certainly 
seems to be one of the rufous forms. 

RANGE Massachusetts to Florida, west to 
Michigan, Ilinois, and Alabama. 


Physocephala tibialis (Say) 


Conops tibialis Say, 1828, Jour. Acad. Nat. Sei., Phila 
delphia, 3: 83 

Conops nigricornts Wied., 1830, Auss. Zweifl. Ins., 2: 236 

Conops fulvipennis Macq., 1843, Dip. Exot., 2: 13 

Conops lugubris Macq., 1847, Dipt. Exot. 2, suppl. 3, p. 16 


lugubris for 
(See 


Macquart also used the name 
an apparently different species from Brazil 
under “Uncertain Species”) 


RANGE Massachusetts to Florida. west to 


Wisk Onsin and Texa >. 


Physocephala floridana new species 


Holotype male.— Florida 
24, 1908S, Van Duzee Coll 
ex Weems collection.) 

Front predominantly black, yellow at outer 
lower one-third. Vertex reddish-yellow. Face vel 
low exe ept for a black line extending from the an 


Crescent City, April 
(Author's collection, 


Society of America 


(Vol. 50 


tennal base nearly to the cheeks. Facial grooves 
predominantly black, the keel yellow. Cheeks 
entirely black, the black extending partly up on 
the face. First antennal segment yellow, three 
times as long as wide. Second antennal segment 
mainly black, nearly three times as long as the 
first. Third antennal segment reddish-yellow, 
somewhat longer than the first segment. Pro- 
boscis black, reddish-yellow at basal one-third, 
twice as long as head. Occiput reddish-yellow. 
Postorbitals white-pollinose above, narrowly black 
below. 

Thorax reddish with three indistinct black 
stripes on the dorsum; black marks anterior to 
the humeri, sternoplura, and area of posterior 
spiracle. black, legs reddish, the broad 
median band on the posterior femora, and the 
tarsi except most of basal segment and tips of 
claws, black. Wings with dark pattern extending 
from costa to fifth vein and margin of sixth. 
The first posterior and discal cells entirely dark. 
Halteres yellow, black at stem. Abdo- 
men predominantly reddish on first, second, and 
base of third segment. Remainder black except 
reddish distinct narrow distal margins and 
genitalia. Size 17 mm. (without antenna). 

Allotype female.—Florida: Crescent City, H. 
G. Hubbard (USNM). Similar to the type but 
vellowish areas of face and front more extensive. 
Upper half of facial keel black. Blackish areas 
on anterior and middle femora, and black of 
hind femur and basal abdominal segments, more 
extensive. Theca entirely black, about as long 


Coxae 


base of 


as wide. Size 15 mm. 
Paratype male.—Florida: Pine Crest, Aug. 
19, G. Fairchild (MCZ). Similar to the holo- 


type male, but blackish of face and front more 
extensive, the yellow areas of the facial ridges 
and lower part of face very dark reddish. Upper 
half of the facial keel black. Thorax and abdo- 
men with faint white pollinose areas. Size: 17 
mm. 

Paratype female.—Florida: Haulover, Mar. 
9, H. G. Hubbard (USNM). Similar to the 
allotype female, black of thorax and abdomen 
more extensive, the basal abdominal 
and posterior femora being nearly entirely black. 
Size: 17 mm. 

Paratype female.—-Florida: Fort Pierce, St. 
Lucie County, April 2, 1954. H. E. Evans 
(Cornell Univ.). Similar to the allotype female 
but black areas darker and more extensive. 
Size: 16mm. 

Paratype female.—Georgia: St 
7, 1949, P. W. Fattig (Weem 
Author’s collection). Similar to 
female with black more extensive. 
16mm. 

Parsons used the name analis for this species. 
It differs from the neotropical species for which 
analis was used (see nigrifacies). This species 
is related to tibialis; the specimen from Georgia 
showing definite variation toward that species. 


segments 


Marys, June 
Collection, ex 
the allotype 
Size 


areas 
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Physocephala testacea (Wulp) 
Conops testacea Wulp, 1883, Tijdschr. v. Ent., 26: 134 

RANGE: Costa Rica and Trinidad to 
Argentina. 

MATERIAL EXAMINED: 1 male, Brazil 
Nova Teutonia, Mar. 6, 1936, F. Plaumann 
(Author’s collection). 1 male, Brazil: Chapada 
(USNM). 1 female, Brazil?: Piedra B., Apr. 
(USNM). 1 female, Paraguay: Villarica, Feb. 
1938, F. Schade (Author's collection, ex. Sabrosky 
Coll.). 1 female, Argentina: Mendoza (USNM). 


Physocephala cayennensis Macquart 
Conops cayennensts Macquart, 1843, Dipt. Exot. 2, supp! 

3: 12. 

Conops piciventris Wulp, 1883, Tijdschr. v. Ent., 26: 12 

The type of cayennensis is in the Paris Museum 
and has been checked against the key by Séguy. 

There is variation in the darkness of individuals, 
and paler specimens are very close to (estacea. 
The cheeks may be nearly, or entirely, black in 
the dark specimens. 

RANGE: Mexico to Argentina. 

MATERIAL EXAMINED: 1 female, Mexico 
San Rafael, Vera Cruz, July 2, Townsend (USNM). 
1 male, French Guiana: Cayenne, Wm. Shaus 
(USNM). 1 female, Ecuador: Guayaquil, F. 
Campas (USNM). I male, Peru: Huaraz, 3000 
m., May 1948, Weyrauch (Author's collection). 
1 female, Brazil: Santa Catharina (USNM) 


Physocephala unicolor 
Physoe ephala unicolor Krober, 1915, Arch. f. Naturge ch., 
81, A,: 145 
This species has not been seen, but appears to 
be related to the last two species. 
RANGE: Paraguay (San Bernardino). 


Physocephala inhabilis (Walker) 

Conops inhabilis Walker, 1849, List. Dipt. Brit. Mus 
3: 672. 

Conops maurus Walker, 1849, List. Dipt. Brit. Mu 
3: 673 

Physoc ephalabimac ulata Krober, 1915, Arch.f. Naturgesch 
SI, A: 140 

Conops soror Krober, 1915, Arch. f. Naturgesch., Sl, 


A: 131 
Physocephala xanthops Williston, 1892, Biolog. Centr 

Amer., Dipt., 3: 83 

This species is rather vanable and there 1s 
complete intergradation with bipunctata. I have 
used the color of the halteres as the chief char 
acter, and consider the color of the seutellum 
and thorax as variable. Usually the seutellum 
and part of the thorax is reddish. The facial 
grooves may have blackish. 

RANGE: Mexico to Argentina. 

MATERIAL EXAMINED 20 specimens 
from British Honduras, Panama, Venezuela, 
Brazil, Peru, and Bolivia. 


Physocephala venusta arsons 
Physocephala venusta Parsons, 1940, Psyche, 47: 32 
I have not seen this species. It appears re 
lated to inhabilis. 


RANGE. Haiti. 
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Physocephala flavifrons (Walker 


Conops flavifrons Walker, 1849, List. Dipt. Brit. Mu 


3: 672 

Conops aurifrons Walker, 1849, List. Dipt. Brit. Mu 
4: 1158 
This species has not been identified rie 


originally described. Thetype of flavifrons was not 

found, but the type of aurifrons is in the British 

Museum and was checked by Clark and Oldroyd 
RANGE: | Brazil and Peru 


Physocephala bipunctata (Macquart) 

Conops bipunctatus Macquart, 1847, Dipt. Exot., 3: 11 

As is the case with inhabilis there are both 
reddish and blackish forms, the facial 
grooves may be dark. Typically the specimen 
are predominantly dark, with a black scutellum 
The club of the halter may be brown or blacl 
Intermediates with inhabilis occur 

RANGE Brazil, Bolivia, and Paragua 

MATERIAL EXAMINED 10) specimen 


from Ecuador, Brazil, Peru, and Paragua 


Physocephala thecala new speci 
Holotype female. Brazil: Teutomia 
Santa Catharina, Dec. 2, 1949, F. Plauman: 
(Author's collection) 
Head yellow Vertex and moderatel 


on front black Cheeks and occiput black 


Antennae black, the junction of first and second 
segments and innet apex ol second eyment 
reddish. First segment 2!5 times as long a 
wide. Second segment about three times as long 
as first. Third segment about twice as long a 
first. Lateral process of second segment of 
arista, about one-half length of apical aristal 


Probose1 black, reddish ventrall 
espe lally at base, twice length of head 

Thorax entirely black, lightly white-pollinoss 
Pleural stripe indistinct. Leg 


segment 


predominant! 


black. Anterior coxa and part of middle co 
reddish. Bases of femora, tibiae, and proximal 
metatarsi, reddish. Basal third of hind tibia 
CONS] icuousl\ ellow 

Wing black from costa to fifth vein and basi 
of remaining vet Apex of submarginal, first 
po terior, and = discal cell hyaline Halters 
vellow, black at apex al d base of stem 

Abdomen entire] dull blacl white pollinose 
on first and second segment Theca very long 
shining reddish-yellow antenor! Genital seg 
ment shining black A Il4!4 mm. from base 


of antennae 

This species 1s immediately recognized by the 

large theca, comparabl to that of Physoconop 


excisus. I have not noted any other species of 
Physocephala a et, with a theca of thi VA 


Physocephala segethi ( Rondasi 


Conops Segetht Rond ! 1863, 1O per | Z00 
13 
Conops tricolor Bigot, IS87, At oc. Ent. France, 7: 41 


RANGE: Chile, Argentina and Urugua 
MATERIAL EXAMINED 2 male ; 


| 
j 
ake 
figs 
3 
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male 1 (sex undetermined), Chile: Perales, 
Jan. 1925 (USNM) (1 male, 1 female, Author’: 
collection, ex. USNM). 1 male, | female, Chile 
Valparaiso, A. Faz (USNM). 1 male, Chile, E 
C, Reed (USNM). 


Physocephala nervosa 

Vhysocephala nervosa Krober, 1915, Arch. f. Naturgesch., 

A: 144 

RANGE: Argentina (Mendoza). 

MATERIAL EXAMINED: 1 female, Argen- 
tina Potrerillos, Mendoza, alt. 4,000 feet, 
March 16-20, 1920 Cornell Univ. Exp. (Cornell 
Univ.). 1 male, Argentina: Potrerillos, Men- 
doza, alt. 4,000 feet, March 16-20, 1920, Cornell 
Univ. Exp. (Author's collection, ex Cornell). 


Physocephala pulchripennis Krober 
Vhysocephala pulchripennis Krober, 1927, Konowia, 6 
I have not seen this species. It is known only 
from the type 
RANGE Argentina (Mendoza). 


Physocephala brasiliensis rober 
Physocephala brasiliensis Krober, 1915, Arch, f. Natur 


yesch., 81, A: 136 


The material examined includes a female from 
Mexico that fits the yellow faced females that 
have bee I referred Lo carbonaria. None ot the 
specimens seen have the dark mark on the facial 
keel. The COxXaec may be rufous or blac k. 

RANGE: Mexico to Peru and Brazil. 

MATERIAL EXAMINED: 1 female, Mexico 
Osten Sacken Collection (MCZ). 1° female, 
Mexico: Cordoba, Vera Cruz, July 10, 1941, 
C, H. Seevers (Chi. NHM). 1 female, Brazil 
Chapada, Jan (USNM) | female, Peru 


Pucallpa, May 10, 1951, PF. M. Schunke (Author's 


collection) 


Physocephala bicolor 

Physocephala hicolor Krober, 1915, Arch. f. Naturgesch., 

81, A: 136 

This species seems very close to rufithorax, but 
does not have the elongated and pointed apical 
abdominal segment in the male. The female 
from Maracaju differs as indicated in the key. 

RANGE Brazil (Mato Grosso). 

MATERIAL EXAMINED: 2 males, | female, 
Brazil; Maracaju, May 1937, R. C. Shannon 
(USNM). I male, | female, Brazil: Chapada 
(USNM) (Author's collection, ex USNM). 


Physocephala vespiformis rober 
Physocephala vespiformts Krober, 1915, Arch. f. Natur 
yesch,, SI A: 135 


I have not seen this species. Information on 


the cotype from Surinam in the USNM, supplied 
by Sabrosky, suggests that it 1s not the same 
species as the specimen described by Krober. 

Paraguay 


Dutch Guiana 


RANGE 
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Physocephala picipes 
Physocephala picipes Krober, 1915, Arch. f. Naturgesch., 
81, A: 134 
I have not seen this species. The peculiarly 
shaped third antennal segment was not used by 
Krober in his keys, and may be an aberration. 
RANGE: | Brazil (Rio Grande do Sul). 


Physocephala fairchildi new species 


Holotype male.—Brazil: Maracaju, Mato 
Grosso, May 1937, R. C. Shannon (USNM). 
Front yellowish with blackish ‘‘T’’ not sharply 
defined. Vertex blackish. Face yellow, with 
black extending half way down from base of 
antennae. Facial grooves yellow with distinct 
wide black facial keel. Cheeks entirely black 
extending up partly on the face. Orbits white- 
pollinose. Occiput black. Antennae black, red- 
dish yellow on ventral surface of first and third 
segments. First antennal segment three times 
as long as wide. Second antennal segment about 
214 times the length of first. Third segment 
about 14% times length of first. Process of 
second aristal segment broad and about two- 
thirds length of distal aristal segment. Proboscis 
black, twice the length of head. 

Thorax entirely black, faintly white-pollinose. 
Pollinose pleural stripe present but not distinct. 
Coxae black, white-pollinose. Legs blackish, 
darker at base of femora and middle of tibae. 
Trochanters, narrow base of femora, basal half 
of tibiae, tarsi, pulvilli, and claws except tips, 
yellowish. Costal and subcostal cells pale, sug- 
gesting fading from an originally brownish colora- 
tion. Brown pattern extending from first to 
fifth veins, paler at apex of submarginal, first 
posterior, and diseal cells. Halteres yellow, 
black at apex, brownish at base of stem. 

Abdomen dull black, faintly white-pollinose, 
pollen more distinct at apex and base of second 
segment. Indistinct narrow distal margins of 
abdomen yellowish. Genitalia reddish. Apical 
(sixth) abdominal segment pointed, as long as 
wide. Size: 15 mm. from base of antennae. 

Allotype female.— Brazil Maracaju, May 
1937, R. C. Shannon (USNM). Similar to 
holotype male. Yellowish spot at apex of vertex. 
Black on facial keel wider, extending to lower 
half of facial grooves. Third antennal segment 
not much longer than first. Aristal process 
nearly as long as apical segment of arista which 
is wider in the middle and then suddenly forming a 
sharp apex. Proboscis reddish on distal two thirds. 

Costal and subcostal cells brownish, paler than 
most of the brown pattern. Apical half of discal 
cell hyaline. Yellowish areas of legs darker. 
Apex of second abdominal segment dark yellow- 
ish. Apex of seventh segment, genital segment, 
and anterior surface of theca, shining vellowish 
brown. Theca flat, shorter than wide. Size 
16 mm. 
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Paratype female.—Same data (Author's col- 
lection, ex USNM). Similar to allotype female. 
Third antennal segment equal to length of first. 
Second antennal segment nearly three times the 
length of first. Proboscis entirely black. Size 
14 mm. 

This name was selected, but not published, by 
Shannon evidently to honor the well-known 
entomologist Graham B. Fairchild, who was with 
him in Brazil. 


Physocephala rufithorax Krober 


Physocephala rufithorax Kréber, 1915, Arch. f. Natur 
gesch., 81, A: 138 
This species was considered the same as 


Conops rufus Williston and Conops dimidiatus 
Walker by Krober in 1939. Conops rufus 
belongs in Physoconops (see Camras 1955, Proc. 
U. S. Nat Mus., vol. 105, p. 167). Clark and 
Qldroyd inform me that the type of dimidiatus 
does not have the dark apex of the halter that I 
consider characteristic of this species. Also the 
discal cell is described as being entirely dark. 
I have referred it to sagitlaria. 

This and the following three species differ from 
all of the other species that I have seen, by having 
a pointed apical abdominal segment in the male 

Range: Brazil, Paraguay, and Peru. 

MATERIAL EXAMINED: 1 female, Brazil 
Y piranga, Sao Paulo, April 25, 1940, F. Lane 
(USNM). 1 female, Brazil: Itatiaya, Rio de 
Janeiro, 700 m., 1929, J. F. Zikan (USNM). 
1 male, 4 females, Brazil: Nova Teutonia, Feb., 
Oct. & Nov., 1936 to 19538, F. Plaumann (Author's 
collection). 


Physocephala spheniformis new species 


Holotype male.—Brazil: Itatiaya, Rio de 
Janeiro, 700 m., April 6, 1929, J. F. Zikéan, R. C 
Shannon Collection (USNM). 


Front and vertex black. Apical margin of 
vertex, face, and cheeks dark reddish. Facial 
grooves and orbitals dark yellowish. Upper 
occiput black, lower occiput reddish yellow. 


Orbits white-pollinose. First antennal segment 
four times as long as wide, yellow with black 
apical margin. Second antennal segment black, 
twice length of first. Third antennal 
black, as long as first. Aristal process flattened, 
nearly as long as apical segment of arista.  Pro- 
boscis reddish yellow, black dorsally and = on 
labellae, wide at base, nearly twice the length of 
head. 

Thorax entirely black with faint white-pollinose 
reddish membrane between base of wing 
Anterior coxa orange red; the 
black, white-pollinose. Anterior femur 
orange, middle femur partly black, posterior 
femur entirely black. Tibiae and tarsi similarly 
reddish on anterior leg to blackish on posterior 
Pulvilli and claws except tips, dark reddish. 


segment 


areas, 
and sternopleura. 
others 


leg. 


Wings with blackish pattern extending from 
Apex ol 


fifth vein. submarginal cell 


costa to 
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paler; first posterior cell and apex of discal 
cell nearly hyaline. Halteres vellow, black at 
apex and base of stem. Abdomen entirely black, 


more shining than thorax, faintly white pollinose 


Abdominal segments elongated. Api al (sixth) 
segment pointed, longer than wide Genitalia 
black. Size: 1IS!o mm. from base of antennae 


This species seems close to vespiformis but doe 
not have any black on the cheek: foth have 
the rufous anterior coxa 


Physocephala brunnipes rober 


Physocephala brunnipes Wrober, 1927, Konowia, 6: 131 
This species is very similar to nigrifacies. The 

third abdominal tergite of the male is peculiar in 

that the lateral margins project ventrall The 


apical segment (sixth) of the male is pointed, 
and longer than The head is flattened, 
its length being about one-half the he ight The 
only other New World species seen that has this 


flattened head is nigrifacies 


W ide. 


RANGE: Brazil 
MATERIAL EXAMINED: 1 male, Brazil 
Itatiaya, Rio de Janeiro, 700 m., October 14, 


1937, J. F. Zikan, Shannon Collection (USNM) 
| female, Brazil Nova Teutonia, Jan. 1953, 


F. Plaumann (Author's collection) 


Physocephala nigrifacies (igot) 
Physocephala analis Auctorum (nec Fabriciu 
Conops nigrifacies Bigot, 1887, Ann. Soc. Ent. France, 
ser. 6, 7: 40 
Conops carbonariu 
ser. 6, 7: 42 


Bigot, 1887, Ann. Soc. Ent. France, 

The two specimens in the University Museum 
of Copenhagen arranged as the types of analis 
were kindly sent to me for examination. The 
first specimen was Physocephala bipunctata and 
the second was Physoconops angustifrons, Since 
Fabricius’ description fits the 
I have selected it as the lectot pe 
description also fits thi 
in either description wa 
of bipunctata 

The female that I have een has the darl 
face Y ellow-faced that seem to fit the 
females of carbonaria, | consider to be brasiliensis 

The apical segment of the male is pointed, but 
it is not longer than wide 


RANGE Mexico to Brazil. 


econd specimen 


Wiedemann’: 
and nothing 
from the 


pecimen ; 


taken pecimen 


female 


MATERIAL EXAMINED | male, Guate 
mala Y epoe apa Ma 1948, H. TT. Dalmat 
(USNM) 1 female Brazil Itatiava, Rio de 


Janeiro, TOO m Ma 10), 
Shannon Collection (USNM) 


1929, J. F. Zikan 


UNCERTAIN SPECIES 


Physocephala punctum ([iyot ) 


Conop punclum Bigot, 1887, Ann oc, Ent. France er 
7 15 
This species was described as questionably fro 
South America and has not been identified or 
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The type is in the British Museum and has been 
checked by Clark and Oldroyd 


Physocephala lugubris (Macquart ) 
Conops lugubris Macquart, 1835, Suit. a Buff., 2: 26 


This is not the same as the lugubris described 
in 1847 from unknown locality. That type is in 
the British Museum (see Physocephala tibialis). 
This type is from Brazil, and Séguy informs me 
that it is in the Paris Museum. 


Physocephala maxima (Giglio-Tos) 
Physocephala maxima Giglio To 1893, Boll. R. Uni 


Torino, 7: 132 


This species has not been identified since 


orginally deseribed, It has been placed in the 


key from the deseription 


RANGE Mexico. 


UNCERTAIN PHYSOCEPHALA 

The following uncertain species were described 
as Conops, but may belong to Physocephala. 
Ther have been inserted If the key to show 
their chief characters. 
Conops dimidiatipennis Sichel, 1862, Ann. Soc. Ent 

Ir nce, SeT 4, 2: 120 Montevideo 
Conops ephipprium Macquart, 1847, Dipt Exot. 2, suppl 


11, Amer. mér 
Conops flaviceps Macquart, 1848, Dipt. Exot., 2:14 


Amer sept 
Conops sericeus Olivier, 1791, Encyclopédie Methodique, 


6: 111 Cayenne 


KEY TO THE NEW WORLD SPECIES OF 
PHYSOCEPHALA 


i] Front nearly or entirely black 2 
Front enterely or partly yellow or reddist 12 
2. Face nearly or entirely dark, except for pollen 
Facial proove may be pale 3 
Pace considerably or entirely yellow or reddish 7 
3. Halteres entirely black (Neotropical) nigrifacies 
Halteres partly or entirely yellow H 
Halters partly black 5 
BI iltere yellow except for base ot tem Di cal 
cell dar) floridana 
Haltere black yellow Coxae tarsi 
reddish. Thorax mostly or entirely dark 
(Brazil) brunnipes 
Haltere yellow, knob with black Coxae and 
tarsi blackish 6 
6. Thorax partly reddish. Facial grooves paler 
(Brazil) bicolor 
Thorax pitchy brown, no reddish. Face with 
ellow parts (Brazil) picipes 
7 Facial keel black Ss 
Facial keel partly or entirely yellow 9 
& Halteres yellowish (Fr. Guiana) sericeus 
Halteres with black on knob (Brazil) picipes 
proove dark Haltere yellow Di cal 
cell all dark floridana 
Facial grooves pale. Halteres with black. Diseal 
cell hyaline distally 10 
10. Cheeks yellow (Brazil) spheniformis 
Cheeks black or reddish, darker than face 1 
il Haltere black, vellow in mid-stem. Anterior 
coxa reddish yellow First antennal segment 


twice as long as wide (So. Amer.) vespiformis 


Halteres yellow, knob black, first antennal segment 
three to tour times as long as wide (Neotropical) 
brasiliensis 
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Wing pattern interrupved, a dark spot terminally . 13 


Wing pattern uninterrupted 5 
Antennae black, testaceous below (No. Amer.) 
flaviceps 
Antennae reddish 14 
Scutellum reddish (Centr. Amer.) ephippium 
Seutellum black (Centr, Amer. ?) punctum 
Color of cheeks same as that of face? 16 
Color of cheeks different from that of face 17 


Thorax black (Uruguay) dimidiatipennis 
Thorax rufous with black stripes (Mexico). ..maxima 


Cheeks uniformly black or brown Is 
Cheeks brown with yellow in middle, or black with 
brown in middle 31 
Wing pattern with rufou 19 
Wing pattern entirely dark 2) 
Facial keel yellow (So. Amer.) segethi 
Pac ial keel black 20 
Wing band and veins largely rufous (Argentina) 
nervosa 


Wing base reddish yellow, remainder hyaline 


(Argentina) pulchripennis 
Halteres mostly black (Paraguay) unicolor 
Halteres mostly yellow 22 
Halteres with black ap ally 23 
Halteres yellow except base of stem 26 
Facial keel black 24 
Facial keel yellow 25 
Tarsi and pulvilli yellowish, face yellow (Brazil) 

fairchildi 

Tarsi and pulvilli dark, face partly black (Brazil) 
picipes 
Theca very long (Brazil) thecala 
Theca short, as usual (Brazil) bicolor var 
Facial grooves entirely or predominantly dark 27 
Facial groove pale 28 
Thorax and abdomen black (E. No. Amer.) tibialis 
Thorax and abdomen partly reddish floridana 
Facial keel yellow 29 
Facial keel black (Neotropical) cayennensis 


Cheeks blackish, dark species (No. Amer.). . furcillata 


Cheeks browntsh, rufous specie: 30 
Anterior coxae reddish (No. Amer.) texana 
Anterior coxae black (W. No. Amer.) burgessi 
Knob of halter entirely or partly black or brown. .32 
Knob of halter entirely yellow 34 
Rufous species Pleura without pollinose stripe 
(So. Amer.) rufithorax 
Blackish specie 33 


Pleura with pollinose stripe. Front with dark 


‘T” pattern (So. Amer.) bipunctata 
Pleura without pollinose stripe. Front without 
“T" pattern (So. Amer.) flavifrons 
Facial grooves dark 35 
Facial grooves pale, may have black stripe 37d 
Discal cell filled with wing pattern (E. No. Amer.) 
sagittaria 
Diseal cell mainly hyaline 36 
Pollinose pleural stripe indistinct above (No 
Amer.) marginata 
Pollinose pleural stripe distinct above (Neotropical) 
inhabilis 
Facial keel with black or brown stripe, groove 
pale 38 
Facial keel not distinct from face 39 
Rufous species (Neotropical) testacea 
Blackish species (Neotropical) cayennensis 
Predominanily blackish specie 10 
Predominantly reddish or brownish 4] 
Abdomen opaque black (Neotropical) inhabilis 
Abdomen rufo-piceous (Haiti) venusta 
Rufous species, almost always with distinct black 
areas on thorax (No. Amer.) texana 
Brownish species with diffuse reddish black area 
on thorax (Argentina) soror 
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OBSERVATIONS ON THE BIOLOGIES OF SOME HYMENOPTEROUS 
PARASITES OF THE CABBAGE SEEDPOD WEEVIL IN 
NORTHERN IDAHO'! 


A. J. WALZ? 
Department of Entomology, University of Idaho Branch Experiment Station, Parma, Idaho 


The cabbage seedpod weevil, Ceutorhynchus 
assimilis (Paykull) was first found in Idaho in 
1945, and since that time has been a limiting 
factor to turnip seed and rape seed production in 
the northern part of the state. 

Parasitism of this weevil in rape fields at 
Gifford, Nez Perce County and Mohler, Lewis 
County, in northern Idaho, was encountered 
during the 1948 season. Biological studies and 
observations on the parasites were conducted in 
the field and laboratory in 1949 

Rape seed pods infested with larvae of C 
assimilis were brought into the laboratory and 
examined for parasites. Parasitized larvae of 
the cabbage seedpod weevil were removed from 
the seed pods and placed on moist blotters in 
petri dishes for rearing of the parasites. As each 
parasite pupated it was placed in a small vial, 
capped with a cotton plug and allowed to com- 
plete its development so that each individual 
adult could be collected and preserved. This 
method of rearing proved highly satisfactory 
since mortality of parasites and larvae was only 
about 5 percent, and because it allowed ready 
observation of the insects. In addition, rape 
seedpods were caged in the laboratory and the 
parasites that emerged were collected and 
identified. The larvae and pupae were kept at 
an average laboratory temperature of $4.1° F 

Emergence holes cut by the adult parasites 
as they emerged from the seed-pods could be 
distinguished from the emergence holes of 
the weevil larvae. The weevil larvae cut emer- 
gence holes in green, succulent rape seedpods and 
the hole partially healed, forming a small lip 
around its edge. The parasites pupated in 
green seed pods but the pods vere mature when 
the adults emerged and edges of their emergence 
holes were rough and jagged 

Five species of parasites, as determined by 
A. B. Gahan, U.S. National Museum, Washing 
ton, D. C., were encountered during this study 
These were the Pteromalidae Trichomalus fascia- 
tus (Thomson), Nenocrepis pura Mayr, Habro 
cylus sp., and Trimeromicrus maculatus Gahan; 
and the Eulophid Necremnus duplicatus Gahan 


‘Published with the approval of the Director of the 
Idaho Agricultural Experiment Station as research paper 
number 410 

*Present addre 

Accepted for publication May 2, 1956. 
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Trichomalus fasciatus (‘Thomson) 


This was the most abundant parasite encoun 
tered in the rape fields and yet this is the first 
recorded occurrence of this species 1) Idaho 
The adults were first collected in fields early in 
the spring prior to blossoming of the rape and 
oviposition of the « abbage Sct dpod weevil Only 
females were observed It) the earl season colle 
tions After the weevil larvae were active in the 
rape seed pods the females we re ob erved to use 
their antennae as they moved up and down the 
seed pods, but no individual parasite was observed 
in the act of inserting its ovipositor into the 
seed pod One female was found with her ovi 
positor in a seed pod and after remaining motion 
less for five minutes, she withdrew it and flew 
away; however, no egg was located either on the 
weevil larva or in the seed pod. Weevil larvae 
stung by 7. fasciatus often become discolored and 
turned a dark gray in color. The discoloration 
started from around the area of the sting and in 
the laboratory spread over the entire body of 
the weevil larva in an ave rage pr riod of two da 
This indicates that 7. fasciatus kills rather than 
paralyzes its host The parasite larva acquired 
the same color as its host 

Forty nine larvae were reared and studied in 


the laboratory A maximum of 20 days wa 
required for a first instar larva to reach adult 
stage. The larva fed externally and completed 
its development on one host However, in one 
instance, two full-sized females were successfull 


reared at the same time on one weevil larva 
The pupa Was naked and no cocoon was observed 


at any time The mal pent from 5 to 11 da 
with an average of 6.16 days in the pupal stage 
The females spent from 4 to 13 days with an 
average of 7.63 days in this stage. A sex ratio of 
2 2 females to | male was found in the laborator 


reared specimen 

The development period in the laborator 
often differed from that under field condition 
Several pupae found in the fields were brought 
into the laborator for observation More time 


was required for these to complete their develop 


ment than for those specimens which pupated 1 
the laboratory for observation. A few epg 
were collected and allowed to hatel 1 der 
laboratory conditior The larvae issuing 
these eggs completed their development sooner 
but were smaller than field-collected larvae 
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Xenocrepis pura 

This was the second most abundant parasite 
of the cabbage seed pod weevil encountered 
during the study. Numerous females were col- 
lected in the rape fields before bloom or weevil 
eggs were evident, but males were not found 


After weevil larvae were found in the seed pods, 


the female parasites were observed to use their 


antennae in an attempt to locate them. The 
host apparently was paralyzed by the sting as 
no discoloration was observed until after the 
parasite completed its larval development 

In all, 39 individuals were reared. A maximum 
of 19 days was required for a newly hatched 
larva to complete its development to the adult 
stage. The larva fed externally and completed 


its development on one host. . pura was the 
only parasite found that spun a cocoon under 
natural conditions. However, no cocoon was 


observed in the laboratory reared specimens 
The cocoon was rather loosely ,pun consisting of 
a few strands of silk which apparently serves the 
purpose of keeping the pupa secured to one place 
in the seed pod during this period of development. 
The males spent from 4 to 6 days with an average 


of 4.75 days in the pupal stage. The females 
pent from 5 to S days with an average of 5.62 
days in this stage. <A sex ratio of 1.21 females to 
male was observed in laboratory reared 


pecimens 

Mield-collected pupa took Jonger to complete 
their development in the laboratory than did 
those specimens that had pupated in the 
laborator) 


Habrocytus 


A few females of Habrocytus sp. were collected 
in rape fields before they were in bloom How 


ever, only one larval specimen of this species was 
found in the field and successfully reared. It 


A Disema p. wa listed by Doucette (1948) as a 


parasite of the cabbage seedpod weevil In these 
tudies all specimens determined as Disema_ pallipes 
Foerster were males and all specimens determined a: 
\enocrepis 1. sp. were femal These data were sent 
to Mr. Gahan and he re pli d by letter dated March 5, 
1952 as follow “The specimens which I previously 


identified as Nenocrepis n. sp., | now consider to be A 


pura Mayr Also the specimen which I identified as 
Disema pallipes Foerster (lot 50-1183) are males of A 


pura. The genus Disema Foerster, it seems to me, 1s 
ery probably a synonym ot \enocrepis Foerster The 
pecies Disema pallipes may or may not be the same as 


pura At any rate all of the American material 
that | have seen appears to be pura and the name pallipes 
hould not be used for any of it.’ 


spent 7 days in the laboratory feeding externally 
on one host and 5 days in the pupal stage before 
emergence as an adult female. The pupa was 


without a cocoon 


Trimeromicrus maculatus Gahan 


A tew females of Trimeromicrus maculatus 
Gahan were collected in rape fields before they 
were in bloom. However, only one larval speci- 
men of this species was found in the field feeding 
on a cabbage seedpod weevil larva and it was 
brought into the laboratory. It spent 10 addi- 
tional days feeding on one cabbage seedpod 
veevil larva before pupating The pupal stage 
lasted 5 days before emergence as an adult 
female. No cocoon was observed 

Urbahns (1919) studied the life history of this 
parasite on the clover seed chalcid, Brucho phagus 
gibbus (Boh.) (=B. funebris Urbahns). This 
apparently is a new Idaho record as well as a 
new host record for this parasite 


Necremnus duplicatus Gahan 


This was the third most common species of 
parasite encountered attacking the cabbage seed- 
pod weevil larvae. Adult females were collected 
before the rape fields were in bloom N. dupli- 
catus apparently paralyze their host as no dis- 
coloration was observed until after the parasite 
larvae had completed their development. 

Seventeen individuals were reared and studied 
in the laboratory. A maximum of 17 days was 
required for a newly hatched larva to complete 
its development to the adult stage. The larva 
fed externally and completed its development 
on one host. The pupa was naked and no 
cocoon was observed at any time. The three 
males observed spent from 4 to 6 days with an 
average of 5.38 days in the pupal stage. The 
females spent from 3 to 6 days with an average 
of 4.36 days in this stage. A sex ratio of 3.25 
females to 1 male was observed in the laboratory 
reared specimens 

Field collected pupae took longer to complete 
their development than did the specimens which 
pupated in the laborator\ 
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THE PORTULACA LEAFMINING WEEVIL, HYPURUS BERTRANDI, IN HAWAII 
(COLEOPTERA: CURCULIONIDAE: CEUTORHYNCHINAE) 


ELWOOD C. 


The subfamily Ceutorhynchinae is not repre- 
sented in the native Hawaiian fauna, but two 
species, accidentally introduced, have been dis- 
covered in the Islands since the recent world war. 
One of these is North American, the other is 
Mediterranean. They separated as 
follows: 


may be 


Key to the Genera of Ceutorhynchinae 
Established in Hawaii 


1. Tarsal claws each armed with a long tooth, 
almost cleft; femora not toothed, hind 
pair, although longer, not much more 
strongly developed than the others 

Rhinoncus, 

2. Tarsal claws simple; femora toothed be- 
neath, hind pair much larger and heavier 
than other two pairs, about twice the 
bulk of the other femora Hypurus. 

The genus Rhinoncus is represented by the 

American pyrrhopus Boheman, 1845; 172, which 

was first found near Humuula, Hawaii, in 1946 

(Zimmerman, 1947: 15), although it is probable 

that it has long been established at the sheep 

station at Humuula. Details concerning the 
more recently discovered Hypurus are as follows 


Genus Hypurus Rey, |SS2: 187 
Hypurus bertrandi (Perris) (figure 1) 
Ceutorhynchus Bertrand: Perris, 1852: 183 
Hypurus Bertrandi (Perris) Rey, 1882: 189 
Hypurus biskrensis Desbrochers, 1908: 64 
Hypurus portulacae Hustache, 1926: 262 

Synonymy by Wagner, 1937: 289. 

The Portulaca Leafmining Weevil. 

Known distribution in the Hawaian Islands 
Kauai, Oahu, Molokai, Maui, Hawai. The 
species has become widely and rapidly dispersed 
in the Islands since it was first discovered It 
was first found in the Territory by E. J. Ford, 
Jr., at Barber’s Point, Oahu (near Honolulu and 
Pearl Harbor), in March 1950 (see Proc. Hawaiian 
Ent. Soc. 15(2): 269, 1954: 15(3): 384, 1955). 
The identity of this little weevil in Hawai was 


first established by Miss Rose Ella Warner at 
the United States National Museum. It has 


been called “Ceutorhynchus sp.”’ by some worker: 


It) Hawai. 


Host plant Portulaca oleracea 


This would appear to be a most unusual 
‘This research wa comple ted at the British Museum 
(Natural History) during the tenure of a grant from the 
National Science Foundation, and I wish to express my 


gratitude to the Museum and to the Foundatior 
tion May 


Accepted for publica IS, 1956 


ZIMMERMAN! 


to have become established in Hawau, 
on both the African and 


species 
for it is found natively 


European sides of the Mediterranean, but has 


not, to my knowledge, been reported between 
there and Hawan However, there are now 
before me specimens from Guam, Tinian, Saipan 


Fic. 1. The 
hertrandt (Perri | 
If the scales are abraded, a pointed tubercle is revealed 
anterior to the middle 


pronotum 


Agrihan in the 


Manana Archipelago whe re 
it ha not been : 


recorded heretofore (Some of 


from the 


the specimens from Saipan were taken 
crops of swifts by my friend Henry Dybas of the 
Chicago Natural History Museum It is prob 


; 

q 
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able that it has been introduced from the Mari- 
anas to Hawau during or since the recent world 

ir, and perhaps it was brought to the Pearl 
Harbor area on materiel of war being returned 
from the battle areas in the western Pacific 
One wonders, however, how and w 
be introduced to Micronesia and where it occurs 
between the Mediterranean and the Pacific 

The larvae are miners in the thick leaves of 
Portulaca, and the adults also feed upon the 


leave In Hawai it has been found on occasion 
in great numbers on Portulaca, and Bianchi 
(1955: 479) reported that “*.. the weevils were 


numerous enough to defohate the plant com 
pletel in many cases and cause it to collap e, 
as if sprayed with some herbicide.”’ If such 
attack become of common Occurrence, then the 
weevil may be of economic value in Hawaii 
where the plant often becomes a pest of garden 
and agricultural land In the south of France, 
and in other places where Portulaca is used as a 
alad Vere table and pot he rb, however, the weevil 
may be considered a pest It is possible that it 
will become established in the United State 
betore long 

Hoffmann and Tempere (1944: 100) have pub- 
lished an illustrated report on the life history of 
the weevil in the south of France, and the 
deseribe its habits and describe and illustrate the 
mine, larva, pupa and adult. It may have 


three generations per year in southern France, 


and it can be « xpected to have more generations 
each year in Hawaii. 


BIRD AND BUTTERFLY MYSTERIES, by Bernarp 
ACWORTH Philosophical Library, 15 E. 40th Street 
Ne York 16, N \ 1056 303 12 fiy 
colored plat , Clothbound $7.50 


his is a foreeful and fascinating attempt to correct 
vhat the author calls erroneous belief conceming the 
flight of birds and butterflies, with especial reference to 
migration. It is pointed out that under demonstrated 
laws of dynamics ‘‘no bird or insect is subjected to any 
pressure from the uniform movement of the air in whicl 
it is flymny.’ In other words, a bird, butterfly, or other 
airborn body, feels no wind pressure from any direction, 
and, therefore, any wind, to a bird or butterfly in flight, 
a moving calm. It is emphasized repeatedly, and 
with the support of numerous illustrations, that butter 
tlie ind bird are ‘‘absolutely para itic to the air im 
which they fly In developing this thesis the author 
atte mpt to show that o-calle d migration of birds and 
butterflies is not induced by motive or intuition but 1: 
vholly unvolitional, and that geographical distribution 
ind dispersal of butterflies, in the last analysis, are 
the winds and the laws of 
Recoguation, however, of certain peculiar characteristic 
of bird nd buttertlies, vhich cannot be pro ed bu 
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The sexes are easily distinguished. The apex 
of each elytron is more protuberant in the male 
than in the female. The female pygidium is 
subvertical, but in the male it slants ventro- 
cephalad, intruding into the fifth ventrite, and 
when viewed from beneath it has the appearance 
of a sixth ventrite. The heavy hind femora 
give it limited saltatorial power. 
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which the evidence of all observation and experience 


hows to be true, is considered by the author to be 
essential to an understanding of bird and butterfly 
flight. ‘These are an inherent and unerring sense of the 
direction of home (which is the place of birth) and a 
pressing urge to return home. ‘Together with the 


demonstrable domination by the atmosphere in which 
flight must occur, they comprise the major premises of 
the author's explanation of ‘‘migration."' 

Incidentally the author presents an array of reasoned 
and well developed objections to generally accepted 
views on mimicry; and in discussing the cuckoo he 
advances the intriguing theory that this bird is a hybrid 
Only acceptance of this theory, he maintains, provides 
a reasonable explanation for the cuckoo mysteries, 
including the occurrence of cuckoo eggs in inaccessible 
nest The whole tenor of the book is governed by the 
author's firm stand as an anti-evolutionist, and much 
that is said will be promptly rejected by readers of 
opposite views Nevertheless, Captain Acworth's bril 
liant and scholarly arguments are not easily refuted, 
ind all who are interested in bird and butterfly behavior 
will find the book not only provocative but stimulating 


C.F. W. MUESEBECK 
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ESTERASES IN THE SEMI-INTACT COCKROACH' 


R. D. O'BRIEN 


Science Service Laboratory, University 


One of the most important and least studied 
problems in the elucidation of the mechanism of 
action of poisons upon insects is that of penetra- 
tion of applied agents to sites of action. In 
spite of the absence of specific information, 
permeability effects have had to be invoked to 
explain anomalies between in vivo and in vitro 
results (Kolbezen, Metcalf and Fukuto, 1954; 
O’Brien and Spencer, 1953) and would provide 
means of interpreting such problems as the non- 
toxicity of acetylcholine (ACh) and prostigmine 
to insects (Tobias, Kollross and Savitt, 1946; 
Hopf, 1952). In the present work an attempt 
has been made to preserve intact such possible 
permeability barriers as those membranes. sur- 
rounding the nerve cord, fat body, muscle and 
other important tissues. The problem of pene 
tration through the cuticle has been avoided. 

The method consists of continuous irrigation 
of the tissues which have been exposed by a 
single dorsal cut along the whole length of a 
cockroach, followed by deflection and pinning 
back of the integument. The irrigating solution 
is aerated and re-circulated; aliquots are removed 
at various time intervals following the addition 
of substrates and inhibitors, and assaved to 
follow the rate of disappearance of substrate or 
appearance of products. Alternatively, the 
change in pH of the irrigant is followed as a 
measure of acidic hydrolysis products. 


APPARATUS 


The requirement was for a simple smal]l-volume 
apparatus which would circulate solutions rapidly, 
and would be suitable for multiple assembly. The 
air-lift pump (which simultaneously aerates the 
irrigating Ringer solutions) shown in figure | wa: 
very efficient, circulating about 40 ml. per minute. 
When used in conjunction with the small plastic 
cell (internal dimensions 2.5 x 4.x 7.5 em.) the 
total volume of Ringer solution required was 60 
ml. Unfortunately it was found impossible to 
connect more than one pump directly to. the 
compressed air line, even with variously posi- 
tioned air-reservoirs: when the air pressure 1 
slowly increased in order to start the pump, the 
air suddenly begins to flow and the pressure ha 
to be rapidly reduced to avoid spattering, .e. 
the running pressure is less than the initiating 
pressure. This makes it very difficult to start 
more than one pump as each has its own minimum 
initiating pressure. Even if all can be started, a 
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minor fluctuation in air pressure causes one to 
stop and another to blow excessively A distrib 
utor 1s therefore necessary in order to make the 
aur supply of each independent of the other 
The distributor shown in the figure 1s simple and 
effective, and produced an intermittent pressure 
very suitable for the air pump. The shaft was 
turned at about 200 rpm 

The aluminum baffles A and B shown in the 
figure serve to direct the major flow of irrigant 
through the body cavity of the cockroach (A 
and to localize the foam which forms at. the 
pump nozzle (B) 


GENERAL METHOD 


Sixtv ml. of a Ringer solution (adapted from 
Suck (1953)) having the following final molar 
concentrations were used: NaCl 0.154; KCI 
0.0027; CaCl» .00092; glucose NaeHPoO, 
00469; 00201; pH = 6.9 after equilibra 
tion. Another buffer (pH) 8.2) was made b 
replac ing the pho phate in the above buffer b 
tnshydroxymethylaminomethane (0.05 M) and 
HC} (0.02 M). The buffer was placed in. the 
apparatus after the compre ed ar had been 
turned on, and was thu pre vented from leaking 
through the air intake of the pump 

The cockroach was anaesthetized with CO 
the wings removed and a single dorsal cut mad 
centrally along the entire length. The integu 
ment was deflected to each side and pinned 
Substrates dissolved in 50°, ethanol and aqueou 
inhibitor solutions were added at noted time 
directly into the draining tube to promote rapid 


equilibration and solution. Aliquots were taken 
or pl measurement made at noted interval 
Non-enzymic rates were measured in the same 
way but omitting the roach 

The assays of homogenate activity were made 
by a manometric technique, using 5%, (final 
concentration ) homogenat of whole cockroach 


prepared In an iced Waring blendor and i 
bicarbonate buffer. Substrate concentrations and 
pH were arranged to be identical with those 
the bath experiment 


COLORIMETRIC PROCEDURE 


Method._-The method of assaying aliquots re 
moved at various intervals for disappearance of 
added substrate or appearance of products ha 
the advantage of unambiguous interpretation 


minor disadvantage is the diminishing volume of 


irrigant which results, necessitating correction of 
each assa This 1s minimized by taking sma 
aliquots (e.g. 0.25 ml vhere possible. The 


9 


it 
q 
i 
Tk 
| 


224 Annals I:ntomological Society of America |Vol. 50 


quantities of ester hydrolyzed by a roach during 
a period short enough to discount deterioration 
of tissue membranes or inactivation of enzymes 
are extremely small, and suitable analytical 
techniques are not available in many cases. 
Interference may also be encountered from the 
constituents of the Ringer solution. A_ highly 


Pic. 1, Apparatus for the semirintact cockroach 
preparation 

lop Complete assembly ( ompres ed air enter 
from tube at left, passe through plas: wool filter and 
into the brass distributor, whose core 1s rotated by the 
motor below Air is thus led to the bottom of each in 
turn of the glass ‘pumps’, and, bubbling up continuous] 
through them, aerates and circulates the Ringer solu 


sensitive method is available for free phenol, and 
phenyl ester hydrolysis can therefore be studied 
satisfactorily. 

As the assays of the aliquots are made practi- 
cally simultaneously, no correction for non-enzymic 
hydrolysis need be made, as this will be identical 
for all samples. 


tion in each unit. The plastic baths are floored with 
wax, to which the roach is pinned, Baffle ‘a’ is then 
plac ed over the roach 

Bottom left: Distributor dismantled (enlarged view 

Bottom right: Aluminum bafflles (enlarged view 

In the top photograph, ‘A’ baffles are in the left of 
each bath, the ‘‘B”' in the right 
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RESULTS 


ACh (f.c. 4x 10M) hydrolysis was followed 
by assaying for the residual ester at intervals 
over a period of 90 minutes using the method of 
Metcalf (1951). No reduction in ACh con- 
centration could be detected. This does not 
necessarily imply that no hydrolysis occurred, 
for the assay method is not highly sensitive. 

Phenyl acetate hydrolysis was followed by 
measuring the appearance of free phenol after 
adding the ester at 3.3 x 10°°M (f.c.) using the 
method of Collins (1945). The plot of concen- 
tration of phenol produced against time was 
linear over the 120 minute period studied: a 
rate of 32.1+1.7 uM hr.-! per roach was obtained. 
A negligible blank was found phenol 
appearance from the untreated roach was studied 
(Fig. 2). 
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Fic. 2. Examples of colorimetric results 
Washing at (W), TEPP added at (T), fresh substrate 
at (S) 
A. Phenyl acetate, with TEPP 10-'M, protected by 
substrate 
B. Phenol production by substrate-free preparation 
C. o-nitrophenyl acetate, with TEPP 


The inhibition of phenyl acetate hydrolysis by 
tetraethyl pyrophosphate (TEPP) was followed. 
Preliminary experiments in which TEPP was 
added to a substrate-containing system showed 
that high concentrations were required to inhibit 
hydrolvsis. It seemed possible that the substrate 
was protecting the enzyme from inhibition, a 
phenomenon familiar with in vitro studies (Bur 
gen, 1949). To investigate this possibility, sub- 
strate hydrolysis was followed in the usual way 
for 40 minutes to establish the normal rate, then 
the baths were drained and the whole systems, 
with roaches in place, washed out three times 
with fresh substrate-free Ringer, then refilled 
with 60 ml, of it. For ‘“‘protected”’ preparation 
substrate was then added and, after three 
minutes equilibration, TEPP. For “unprotected” 


preparations, TEPP Wa idded first and allowed 
10 minutes reaction before the phenyl acetate 
was added. The new rates of hvdrolysis wert 
studied in both case 

The results (Tabl I) how that substrate 
protection occurs at low inhibitor concentrations 
only. For 50°), inhibition of hydrolysis 10°4M 
TEPP is required. For inhibitation of 
phenyl acetate hydrolysis by homogenates of 
various species Lord and Potter (1954) found 
levels of 10°° to 10°°M. Clearly the semi 
intact roach is much less sensitive. Now the 
LDs5 of TEPP to insects is 3 y/g (Chamberlain 


and Hoskins, 1951). If the average body-volume 
through which injected TEPP is dispersed is as F 
low as 0.1 ml. the average concentration of an § 


LDs50 of TEPP in a1 g. roach is 3 ¥/0.1 ml. or 
about 10M. This probably is a high estimate; 
it follows that no more than 50% inhibition of 
this esterase is caused by a lethal dose, which 1s 
evidence against its importance in poisoning by 


TEPP. 


rABLE 


INHIBITION OF PHENYL ACETATE Hyprotysis TEPP 


TEPP CONCENTRATION ©) INHIBITION 
(M PROTECTED BY | UNPROTECTED 
SUBSTRATI HY SUBSTRATI 
0 0 0 
6 21 
25 


The hydrolysis of o nitropheny!| acetate wa 
followed by measuring the appearance of th 
o-nitrophenate ion. Aliquots were diluted with 
.0067M phosphate buffer, pH] 7.4 (this main 
tained the high pH and the intense yellow 
colour. Jf dilution was made with water the 
colour was faint, presumably due to association 
of the ion at the resultant low pH). Again the 
rate was linear over the 90 minute period studied 
(Fig. 2); the mean rate was 30.5#3.5 4M 
per roach, The influence of TEPP was studied 
by adding it directly to the substrate-containing 
Ringer in the apparatus. At 104M TEPP an 
average inhibition of 65% was obtained; at 
43% 


The extension of the colorimetric procedure wa 


limited by available assay method Acetate 
assay was of particular interest as many acetyl 
esters are Of importance ph siologicall The 
method of Hutchens and Ka (1949) was inve 

tigated. Unfortunately it was necessary to 
remove chloride, pho phate, calcium and mag 
nesium before developing the colour, Glucos 
was found to interfere strongly, presumably b 
reducing the iodine, and this could not be over 
come by adding an exe of iodine (Gslucose 
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used in the 
colour development 
under alkaline 


had therefore to be 
Furthermore, 


free Ringer 
experiment 


requires boiling for 5 minutes 

conditions. This can lead to excessive hydrol- 
sis of some of the esters under study. The 
relative insensitivity of the method along with 


these disadvantages made it unsuitable. 


ELECTROMETRIC PROCEDURE 


Method. The extreme sensitivity of the Beck- 
man GS pH-meter made it possible to follow the 
small changes in pH arising from ester hydrolysis 
by the preparation. Reproducibility of readings 
The advantages of this method 
are the ease and rapidity of readings, so that the 
pH changes may be plotted directly and it is 
possible to adjust the experimental conditions in 
accordance with the results. Errors of measure- 
ment are far less than in the colorimetric methods. 
However, the results in some cases are highly 
ambiguous, and very considerable care and 
extensive controls are needed in order to interpret 
results correctly. This will become apparent. 
Qne unit on the ‘“Duodial’’ of the instrument is 
equivalent to 0.00336 pH units at 25°C. Re- 
producibility of +1 duo unit was usual. 

Ringer was placed in the bath and bubbling 
started. When the pH had come to equilibrium 
the roach was opened and pinned in place. The 
pH was allowed to come to equilibrium again, 
then substrates, etc., were added. Calibrations 
were performed by following the pH change when 
buffer was titrated with mixtures of the acids and 
their alcohol or which constituted the 
various esters studied. 

Results. It was observed that the pH of the 
Ringer solution took a considerable time to level 
oft following addition to the apparatus, 100 
minutes or more being required in some cases. 
As levelling had to be achieved before any 


was excellent 


base 
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measurements could be made, this phenomenon, 
“the equilibrium effect’’ was investigated. 

One possibility was that the Ringer solution 
took time to come to equilibrium with atmos- 
pheric carbon dioxide. However, Ringer exposed 
to air in a Petri dish for 290 minutes, with a 
liquid depth of 2 cm., still required 90 mins. to 
reach equilibrium when placed in the apparatus. 
Another sample was aerated vigorously with 
compressed air passed through an immersed 
porous bubbler: for 240 minutes. The resultant 
solution achieved prompt equilibrium when added 
to the apparatus. This could be due to a dif- 
ference in composition between the compressor 
air and room air, or to more efficient aeration 
than in the exposed dish. The former possibility 
was disproved by passing room air, compressed 
by a small electric pump, into an apparatus 
solution in equilibrium with com- 
pressor air. Only a small change in pH was 
found, achieved in less than 5 minutes. Further 
confirmation that efficiency is the important 
factor was obtained when pre-bubbling times 
were reduced. If only 10 minutes pre-bubbling 
were given, equilibrium in the apparatus took 
60 minutes to establish; 30 minutes pre-bubbling 
reduced this to 15 minutes; 77 minutes pre- 
bubbling reduced it to 12 minutes. Thus pre- 
bulling is not a highly efficient method of reducing 
equilibrium time, although 30 minutes pre- 
bubbling reduced the overali waste period (pre- 
bubbling plus equilibrium time) to 45 minutes, 
the least obtained in this experiment. 

The equilibrium time varies with different 
batches of Ringer, due either to different carbon 
dioxide concentrations in the distilled water, or 
slight differences in composition. This is a 
disadvantage of such a highly sensitive measuring 
apparatus. 

The data for Ringer at pH 6.9 are given in 


containing 


rABLE 


HYDROLYSIS OF 


SUBSTRATES BY HOMOGENATES (MANOMETRIC 


ASSAY) AND THE SEMI-INTACI 


CockROACH (ELECTROMETRIC ASSAY) 


Non 
SUBSTRATE EN7YMK 

Rati 
ethyl acetate 12 
triacetin 0 25 
phenyl acetate 12 6 23 
onitropheny! acetate IS 44 
etyl choline bromide 
acetyl 6 methyl choline chloride 3 0 
dimethylaminoethy! acetate chloride 42 
none 0 0 


Figures are equiy alent p-mole of 
figures correct d for endoge nous rdogene 213 Mole: 
final concentration 3.5 x 10°3M Averaye roach weight 


PHast 


acid produced, corrected for non-enzymi 


SEME-INTACI 


DURATION DURATION Homo 

(MINS B (MINS. ) GENATE 
* | 4 SO 4 2 
5 120+ 20 
iS 1054 670 
690 56 12 slow fall off 654 ROO 
435 630.1 25 
55 16 47+12 754 
48 #5 40+08 1604 14 
6229 5 6 504 14 


hydrolysi Homogenate 


of substrate added to semi-intact preparation, giving 


SIS my 


: 
| 
oe 
py 
He 
4 
4 
{ 
fs, 
di 
: 


. 1957 O'Brien: Esterases in the Semt-Intact Cockroach 227 
P Table II along with the manometric assays on reach. It was therefore disconcerting to find 
; homogenates, and show that two kinds of results that DMEA was not hydrolysed either 
st were obtained. Ethyl acetate, o-nitrophenylace- The pia of the compound was determined by 
Fa tate, phenyl acetate and triacetin gave prompt titration and found to be about S44. Thus at 
_ linear acidogenesis on addition to the preparation. pH 7, only about 3°) of the compound is present 
m ACh, its 6 homologue, and its tertiary analogue hase 
” dimethylaminoethyl acetate (DMEA) gave no 4s the free base (since pH = pha+log salt’ A 
e such prompt effect, but after a lag period of 
& about 50 mins., acidogenesis began and con- 
a tinued linearly. When no substrate was added 
a prolonged steady pH phase was _ followed 
abruptly by linear acidogenesis (Fig. 3). This 
: last observation showed that in the substrate- 
free preparation, some kind of alteration occurred 
4 resulting in spontaneous acid production. 
; The delayed acidogenesis following ACh addi- 
tion could be either the same as that in the 
: substrate-free preparation, or it could be due 
z (in part or entirely) to the ACh. Evidence 
against the latter was: (a) including eserine 
} oO 4) A 
0-0-0-0-0-9- OY eH UNITS 
| 
z 
be if 
w | U 
MINUTES 100 200 


Fic. 3. Examples of electrometric results, at pH 6.9 
Cockroaches placed in at zero time, substrates o1 
ethanol at arrow 
A. Ethanol 
B. Acetyl! choline 
Ly C. Ethyl acetate 
D. Acety] choline (delayed additron 


, at 10-4M had no effect on the pattern following 

g ACh addition (b) the time between placing the 

. roach in the bath and the beginning of acido- 
genesis was 83+#6.2 for ACh, 90+#4.3 for no 

substrate. There is significant difference 


between these results (t test; 5% probability 


level). (c) There is no. significant difference 
(5% probability level) between the a idogenesis 
rate for ACh and no substrate. (d) Adding 
ACh after the normal acidogenesis had begun 
produced negligible increase 1n the rate of change 


= of pH (Fig. 3). 
i DMEA, the tertiary analogue of ACh, was 
= investigated because it seemed likely that the 


failure of the preparation to hydrolyse ACh 
was due to the ionized state of the compound. 
Wilson and Cohen (1953) have shown that 
DMEA will penetrate to sites that ACh cannot 


buffer was therefore made up having a pH of S.: 
using trishvdroxymethylaminomethane Control 
runs with this buffer showed the surprising result 
that the insects, which in the phosphate buffer 
never survived the experiments, were often alive 
and active after runs of many hours. Two such 
insects, kept in a water-saturated atmo phere 
after their removal from the bath, survived tor 
two days, during which time they walked and 
responded actively to stimul It can therefore 
be taken that this high pH treatment preserves 
nsect tissues much more effectively than the pH 
6.9 system 


F 0068 
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MINUTES 4 200 
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hic. 4 Example electrometric result it pH 8.2 

Cockroache placed im at zero time ubstrate t 
arrow 

A. No addition 

B. Acety! choline 

C, Triacetin 

DD. Dimethylaminoethy] acetate 


At pH 8.2. definite hydrolysis of DMEA wa 
observed, confirming that the earher negative 
findings were due to the small concentration of 
free base at the low pli used At pil S.2 no ACh 
hydrolysis was detectable even prolonged run 
(e.g. 290 minutes) nor was the autolytie acido 
genesis seen in controls (Fig. 4). This latter is a 
natural corollary of the survival of the insect 
The 8.2 buffer has a higher buffering capacit 
than the 6.9, resulting in Ie marked substrat 


effect 
POXICITY AND PAK 
The esterase stud uggested a relationship 
between penetration and ionization of compound 
It seemed probable that a simi'ar relationship 
should exist between toxicit ind ionization 
using poisons whose action is related to. the 
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eras ems which appear to be protectec ium ion concentrations. It seemed _ possible 
from iomzed compounds. The pkKa’'s of several that such a barrier might protect against other 
compounds were found by titration using the polar substances, such as ACh. This would 
glass electrode. Toxicity studies were made account for the anomalous behaviour of ACh 


where lacking in the literature. Wherever 
possible, results given are for intra-abdominal 
injection in the roach, or intraperitoneal in the 
mouse. The results, given in Table III, show 
that the ratio (toxicity to mammals): (toxicity 
to insects) 1s extremely high when most of the 
compound is ionized at physiological pH. If a 
barrier completely impermeable to ionized com- 
pounds is posited for insects, and it is assumed 
that none exists in mammals, then the toxicity 
ratio for a compound of pK 7 should be 2 (since 
at pH 7, one-half of such a compound will be 
ionized); for pK &, the ratio should be 11; for 
pk 9, it should be 101, and so on. This will, of 
course, only be true if the fundamental mode of 
action (7.é. permeability factors aside) is identical 
in insects and mammals. 


DISCUSSION 


The failure of injected ACh to poison insects 
or to increase the toxicity of TEPP (Tobias et al 
1946, Hopf 1952) or to interfere with synaptic 
transmission (Roeder 1948), has caused serious 
doubts (Lord and Potter, 1954) about the 
validity of the hypothesis that organo-phosphates 
kill insects by inhibiting their cholinesterase, and 
has been an uncomfortable anomaly for those who 
consider the hypothesis generally acceptable 
(Kearns, 1956, p. 142). 

The work of Hoyle (1953) showed that insects 
differ from mammals in having a sheath which 
protects their nervous systems from high potas- 


in insects. The present study has showed that 
ionized substrates are not hydrolysed by the 
“semi-intact”’ cockroach, even though appropriate 
esterases are present in the insect (as shown by 
homogenate studies); whereas unionized  sub- 
strates are readily and promptly hydrolysed by 
the preparation. If there is a correlation between 
the position of cholinesterase and the potential 
site of toxic action of ACh, these results account 
satisfactorily for the ineffectiveness of injected 
ACh. 

The results given in Table III give good 
support to the hypothesis that within this class 
of compounds (i.e. nitrogenous bases and salts 
effecting the acetyl choline system) effectiveness 
is proportional to the fraction unionized at 
physiological pH. The ratios are most striking 
when the mammalian toxicity is high; when it is 
low, the corresponding theoretical toxic level for 
insects may exceed that at which quite different 
non-specific effects interfere (this is well seen in 
the group hexamethonium, decamethonium, d- 
tubocurarine: all are quaternary, but the toxi- 
city ratio increases with the mammalian toxicity). 

Craig (1933) showed that in a series of nicotine 
analogues the toxicity towards A phis rumicis was 
inversely proportional to the pka. Richardson 
and Shepard (1930), studying the toxicity of 
nicotine to mosquito larvae, showed by varying 
the pH of the medium that the toxicity of the 
nicotine was directly related to the concentration 
of undissociated molecules. Kolbezen, Metcalf 


TABLE III 


PIA AND RELATIVE Toxicity of Somti 


NItROGENOUS DruGcs Arrect MAMMALIAN NERVOUS SYSTEMS 


INSECT MAMMALIAN OBSERVED “THEORETICAL 
PISA Toxicity TOXICITY y/G ‘TOXICITY TOXICITY 
Ratio RATIO 
serine 0 23' 1] 
Prostigmine quaternary > 1200" 4! > 3000 > 10° 
Atropine > SOO! >2 200 
Adrenaline Ys > SOK)! 15» > 625 
Acety!] Choline quaternary > 10,000! 250! 40 > 10 
d-tubocurarim od > SOO)! 0 > 1600 > 10° 
Pilocarpine 7.2 900! 264* 34 26 
Hexamethonium quaternary 2300" 60! 38 > 10° 
Decamethonium 430! 3 143 > 10 
Nicotine 7 5 55* | 99 


‘Solvent used was ethanol, thus pKa for water would be up to 0.8 units lower (Kilpatrick 1942 


"As piven in Hopf (1952) 
*‘Aeschlimann and Reinert (1931 


‘Randall and Lehmann (1950 
‘Cohen and Tvede (1952 
‘Cockroach, abdominal injection 


“Poe and Johnson (1949 


'Determined by Dr. L.S. Wolfe for Phormia regina, intrathoract 


‘Mouse, intraperitoneal 
iMetcalf (1948) 
kKLehmann (1951 
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and Fukuto (1954), studying a large number of 
new carbamates, showed that quaternerization 
almost eliminated insect toxicity, even though 
it enhanced the in vitro anticholinesterase activity. 

All the data discussed have related to the 
ionization of nitrogenous compounds. Fukuto 
et al. (1955) have prepared a compound which is 
a sulfonium salt and therefore fully ionized at 
all pH’s, but is highly toxic to several insects. 
It may be, then, that the inverse relation between 
toxicity and 1onizability which seems to hold for 
the nitrogenous bases may not hold for other 
classes of compound. 

The proposed barrier to ACh seems to permit 
the exit of hydrogen ions, since in the electro- 
metric procedure these are the detected product 
of hydrolysable substrates. This implies either 
that the barrier is only impermeable to large 
charged molecules, or else that it allows exit but 
not entrance of charged molecules. The former 
seems more probable. 

In mammals it is clear that as far as nerve 
tissue 1s concerned, a portion of the cholinesterase 
is available to exogenous ACh (Burgen and 
Chipman, 1952, Wilson and Cohen, 1953) and 
a portion is not. Here also the unavailable 
portion is unaffected by quaternary compounds, 
but inhibited by TEPP. recent estimate 
(Berkowitz 1955) suggests that more than 50°, 
is ‘external’, i.e. available to ACh. 


SUMMARY 


A preparation is described for following the 
hydrolysis of substrates by the cockroach under 
conditions designed to be close to those in vivo. 
Colorimetric and electrometric procedures have 
been used to follow the hydrolyse s. With phenyl] 
acetate, the phenomenon of substrate protection 
against TEPP inhibition has been shown. Ionized 
substrates, such as ACh, are not hydrolysed by 
the preparation. The hydrolysis of the tertiary 
analogue of ACh depends upon pH, being negli- 
gible at such pH’'s that the compound is mainly 
ionized. These data, coupled with studies on 
the relation between pk and toxicity, suggest 
that there is in the roach a barrier to ionized 
compounds, and explain the nontoxicity of 
atropine, prostigmine, and ACh and its analogues, 
and the low toxicity of eserine 
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SOME MATHEMATICAL ASPECTS OF INSECT DISPERSION' 


F. M. WADLEY 


The subject of insect dispersion has received 
considerable study. The writer and D. O. 
Wolfenbarger (1944) published an analysis of 
some unusually extensive data. Wolfenbarger 
(1946) assembled a large array of dispersion data 
from the literature. Schoof eft al. (1952) have 
published data on house fly dispersion. 

Sampling to determine density is a primary 
need in such studies. There is a considerable 
body of theory and experience to guide samplers 
of insect populations. The author (1952) has 
attempted to draw together some of this material. 
An elementary need is a clear definition of 
objectives. Determining whether a species 1s 
present or absent, is a different problem from 
estimating its density. 

The problem of decrease in density, in going 
out from a center of dispersion, is a challenging 
one. Records are usually in the form of numbers 
per unit area which reach a given distance from 
the center. In general, the falling off in density 


A 


physical science equations does not always give 
the best answer. 

A preliminary test is given by plotting points 
to see if the curve becomes approximately 
linear. By this test, log distance looks better 
than log density for the data shown by Frampton 
et al., Wolfenbarger, and Schoof et al. Log 
distance was found by Wadley and Wolfenbarger 
to give a distinctly better fit in two cases. Log 
of density has the advantage of giving a reason- 
able interpretation at zero distance, and of 
stabilizing variance among high and low counts. 
It does not reach zero at long distances, and does 
not yield error estimates in original count terms. 
Using logs of distance does not give a reasonable 
interpretation at zero distance without modifica- 
tion, but does accord with many _ biological 
relations, gives error in original terms, and 
reaches zero at long distance. 

The writer and Wolfenbarger (1944) attempted 
a simple definition of the problem. In taking 
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hia. A veraye count, tlie per trap, (September ), Schoof et al 


1 Loy count \ distance 


is steep at first and levels off at greater distances. 
Such a curve can be fitted mechanically either 
by using logarithms of density against arithmetic 
values of distance, or by using unmodified 
density figures against logs of distance. Framp- 
ton ef al. (1942), studying an insect-borne disease, 
used the former approach, and related the curve 
form to diffusion as understood by physical 
scientists. Studying biological phenomena by 
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B. Count vs log distance 


density counts on a periphery, decrease with 
increasing radius should result from two causes. 
First, thinning out comes with spread to wider 
periphery. Second, some organisms drop out 
and never reach the given distance. An ideal 
equation should have two allowances for distance. 
Our equation, Y=a+b log X+c/X, is an attempt 
to carry out this idea. The b log X (6 negative) 
is to represent the dropping out, and c/NX the 
hyperbolic effect expected from thinning out. 
It is not a perfect adaptation to the problem, 
and further improvement is sought; but it gave 
a good fit in our cases. 

With very accurate and detailed data, and 
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spread from a center without directional effects 
or concentration on attractive spots, a simple 
solution would seem possible. Decrease of den- 
sity from thinning out with spread could be 
estimated by simple arithmetic. This would 
leave the analyst free to study dropping out and 
to infer a frequency distribution of length of 
flight. However, no data have yet been seen 


Distance, miles 


Fic. 2. Data of figure | fitted with curve, 
3 1.1—1.32 log X + 10.20/X 


that are adequate for such a study. Wadley 
and Wolfenbarger’s data give the impression 
that most of the decrease in the first few hundred 
feet is accounted for by thinning out. 
Andrewartha and Birch (1954), in their chapter 
on dispersal, state well the assumptions involved 
in the curves discussed. Use of logs of density 
assumes a density decrease by a constant mul- 


PHARMACOLOGICAL OBSERVATIONS ON THE DESHEATHED 
LAST ABDOMINAL GANGLION OF THE COCKROACH' 
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Department of Biology, Tuft 


INTRODUCTION 


The unstabilizing action of very low concen 
trations of anticholinesterase agents on the cercal 


'The work described in this paper was done under 
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author 
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Mathematical Aspects of Insect Dispersion 
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tiple, for each unit of distance 
distance assumes decrease of density by a con 
stant amount for each multiple of distances (The 
author questions their opinion that the first 
assumption is the more realistic, especially as the 
second seems to agree better with actual data 
Use of both log and reciprocal of distance assume 
decrease by constant amounts for each multipk 
of distance, with an additional decrease propo! 
tional to distance 

Figure | (a) and (b) show test plots of the 
September data of Schoof ef al. and figure 2 show 
the curve, Y 1.1—1.32 log X+10.2/X, fitted 
to these data. 

To sum up, the typical curve of decrease in 
density in dispersing from a center can be fitted 
as a ‘‘semilog”’ curve, but it seems that a funda 
mentally adapted curve should allow twice for 
distance. Improvement in our concept of thi 
curve 1S possible; more and better data are 
needed. 


REFERENCES CITED 
Andrewartha, H. G., and L. Birch. 1954 
tion and abundance of animal Pp. 782. | 
Chicago 
Frampton, V. L., M. B. Linn, and E. D. Hansing. 142 
The spread of virus diseases of thie ecllows type 
under field condition Phy topath, 32 700 SOS 
Schoof, H. F., R. E. Siverly, and J. A. Jensen. 1052 


House fly dispersion studies in metropolitan area 


Jour Econ. Ent. 45: 675-838 
Wadley, F. M. 1952 Elementar impung principle 
in entomology U Dept. Agric. I.-T. Cire. 302 


IX pp (proce ed) 

Wadley, F. M., and D. O. Wolfenbarger. Reyre 
ion of imsect density on distance from center of 
dispersion as shown by a study of the smaller Euro 
pean elm bark beetle Jour. Agric. Res, 69; 209 308 

Wolfenbarger, D. O. 1946. Dispersion of small organ 
isms, distance dispersion rates of bacteria pore 
seeds, pollen, and insects; incidence rates of disease 
and injurie Amer. Midland Naturalist 35; 1-152 


University, Medford, Ma 


nerve-giant fiber napse the last abdominal 
ganglion of the roach, Periplanela americana (1 

(Roeder, Kenned ind Moy Roeder 
1948S and Roede r and Kenned well a 
identification of acetylcholine in insect nervou 


tissue (Lewis, 1953: Auyustinssor ind Graht 
1954;) suggest that acetylcholine 1s involved 1 


synaptic transmission 


though low concentrations of acetylcholine have 
been shown to increase the rhythmic contraction 
of the roach heart Krigsman and 
1950) and intestine (Kooists 1950), ever 
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high concentrations (1.0%) of acetylcholine had 
no consistent effects when applied directly to the 
last ganglion (Roeder, 1948). Tobias, Kollros 
and Savit (1946) found that between 7 and 10 gms 
acetylcholine must be injected per kg. of roach to 
produce convulsions and death. Demonstration 
by Hoyle (1952, 1953) that the connective tissue 
sheath which envelops the insect nervous system 
restricts the diffusion of potassium ions lent 
support to a hypothesis that externally applied 
or injected acetylcholine may fail to reach the 
interior of the ganglion in effective quantities 
rapidly enough to stimulate. Recent studies 
(Twarog and Roeder, 1956) indicate that the 
sheath surrounding the abdominal cord of the 
roach is indeed a barrier to the diffusion of 
acetylcholine as well as sodium and potassium 
ions. In connection with these last studies, a 
method was developed for the simple and effec- 
tive desheathing of ganglia and connectives of 
the roach abdominal cord 

It was the purpose ol the present study to sur- 
vey the pharmacology of the last abdominal 
ganglion of the roach after removal of the sheath. 
In addition to desheathing, experimental tech- 
niques differed from those used in earlier studies 
of drug action in that electrical stimuli were 
applied continuously at a low frequency rather 
than in brief volleys at intervals, and pharma- 
cological agents were added during uninterrupted 
perfusion with physiological saline. Thus, both 
the application of agents and the monitoring of 
their effects were continuous. This method 
made it possible to follow continuously slow 
changes as well as transient and cyclic alterations 
in conduction and must be taken into account 
when comparing the following results with those 
reported previousl\ 

Of pharmacological agents previously studied, 
acetylcholine, diisopropylfluorophosphate (DFP), 
and eserine were tested In some detail, 
while pilocarpine was briefly examined. A vari 
ety of agents known to act on cholinergic systems 
was surveyed for the first time on this ganglion 
Further, several compounds which occur natu 
rally in nervous tissue and which, like acetyl- 
choline, are known to have neural action were 
tested. These included 1l-epinephrine 1- 
norepinephrine, which are present in insect ner- 
vous tissue according to Ostlund (1954); 5 
hydroxytryptamine, which Jaques and Schachter 
(1954) found in wasp venom and which is present 
in nervous tissues of invertebrates and verte- 
brates (see Welsh, 1955): and urocanylcholine, 
which has been isolated from Octopus salivary 
gland and Murex hypobranchial gland by 
Erspamer (1952) 


METHODS 


Techniques of dissection, desheathing and of 
electrical stimulation and recording have been 
described elsewhere (Twarog and Roeder, 1956 
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Physiological saline (the basic formula of Hoyle, 
1953) was perfused constantly at a rate of approx- 
imately 0.5 cc/min or less, with the ganglion 
lying at all times just below the saline surface 
Known concentrations of test substances in phy- 
siological saline could be substitued without 
interrupting the perfusion. 

Postsynaptic responses were led off from an 
electrode pair near the fifth ganglion and could 
be continuously observed and photographed at 
intervals without altering the saline level, once 
the level had been properly adjusted. Pre- 
synaptic potentials were monitored when neces- 
sary by an electrode pair on the cercal nerve. The 
cercal nerve was stimulated by square pulses of 
0.1 msec. duration and 1.5 to 4 volts, at a fre- 
quency of 30/min. Stimulation was continuous 
throughout all experiments. The control post- 
synaptic response remained quite constant for 
two or more hours under these conditions. 

Solutions of acetylcholine bromide were made 
up from crystalline material and appropriately 
diluted several minutes prior to each test; solu- 
tions of DFP were diluted from a stock solution 
of 6x 10-4 M. made up on the day of the test’; 
Epinephrine and nor-epinephrine were diluted 
from stock solutions of 10°? M. made within an 
hour of the test and stored under oil. Solutions 
of other compounds were freshly made up on the 
day of the test.‘ 


RESULTS 


The postsynaptic response to low frequency, 
nearly maximal stimulation of the cercal nerve 
consists of the compound giant fiber action po- 
tentials described by Pumphrey and Rawdon- 
Smith (1937) and Roeder, Kennedy and Samson 
(1947). The giant fiber response is followed by 
a 4 to 15 msec. discharge of low voltage action 
potentials. This. low voltage discharge, which 
has not previously been studied, includes a larger 
number of fibers than the giant fiber response 
It is more prolonged in the first few responses to 
stimulation after periods without stimulation 
Following the initial few stimuli at any given 
voltage, the delayed response, as it will be termed 
hereafter, remains fairly constant. It is increased 
and prolonged when the stimulus voltage is in- 
creased; it rapidly decreases with increase in 
stimulus frequency. After-discharge of giant 
spikes is distinct from the low voltage delayed 


‘OFP was obtained through the kindness of Dr 
Leigh E. Chadwick, Medical Laboratories, Army Chemi 
cal Center, Md 

‘Grateful acknowledgments are due to the following 
pharmaceutical firms who kindly supplied drugs used in 
these experiments: Sterling-Winthrop (1—-epinephrine 
bitartrate, 1—norepinephrine bitartrate and Mytolon) 
Abbott Laboratories (serotonin creatinine sulfate); 
Hoffmann-LaRoche, Inc. (8—hydroxyphenyltriethyl am 
monium bromide and 3—hydroxyphenyltrimethyl am 
monium bromide); The Wellcome Research Laboratories 
(hexamethonium chloride and decamethonium chloride 
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response. Asynchronous after-discharge of small within five minutes but this response was 
spikes submerged in the compound giant action interrupted at intervals by  after-discharge, 
potential could make up an important fraction of | bursts, and block (fig. 1b). This alternation has 
the delayed response. Roeder, Kennedy and been observed for as long as 3 hours. However, 


Samson (1947) described such an asynchronous 
after-discharge following strong stimulation of 
the cercal nerve. It is also possible that the 
spikes of the delayed response represent syn- 
chronized synaptic responses of slow-conducting 
fibers as yet unidentified, the synapses formed 
between the fibers of the cercal nerve and these 
fibers being distinguished by a generally higher 
threshold than the giant fiber synapses, longer 
synaptic delay or utilization time, and rapid 
adaptation or fatigue when stimulated repeti- 
tively. This response picture in the desheathed 
ganglion differed in no respect from that observed 
in the similarly perfused ganglion with sheath 
intact 


OFF 
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Fic. 1.—(a) A record of the time course of alternation 
of periods of apparently normal synaptic response with 


periods of block during continuous perfusion with DFP 


6x 10°° M. Cercal nerve stimulated once in 2 secs 


This preparation recovered after washing and did not 
block until DFP 6 x 10°° M. was again perfused. Note 
rapidity of block on applying DFP 6 x 10~¢ M. for second 
time. (b) Same as (a). This preparation remained 
partially blocked, however, until DFP 6x 10° M. wa: 
washed out, at which point cy¢ les of recovery and block 
appeared 


In discussing drug effects, the concentrations 
mentioned are the lowest concentrations found 
to be effective. All effects were reversible on 
washing unless otherwise noted 
Diisopropylfluoro phosphate (DFP). After 2 to 10 
minutes in DFP 6 x 10°° M., the delayed response 
increased, with no change in the compound giant 
spike. Bursts of low voltage action potentials 
then appeared. After 10 to 20 minutes giant 
fiber after-discharges were seen, followed rapidly 
(within 6 sec.) by loss of synchrony, bursts inde- 
pendent of stimulation, and total synaptic block 
If perfusion with DFP 6x 10° M. continued 
beyond this time, the giant fiber potentials re- 
turned, usually within 10 minute: After 2 to 5 
minutes of very nearly normal giant fiber respon- 
ses, block again intervened following a typical 
after-discharge-burst-block sequence. After about 
5 minutes of block this process was repeated (fig. 
la). Occasional preparations remained blocked. 
Washing restored a normal appearing response 


after washing, the intervals of normal-appearing 
response were much longer (10 to 40° minutes) 
and blocking much less regular. Some prepara 
tions did not block again after washing (fig. la) 
The delayed response was not restored during 
continued perfusion with DFP and very rarely 
approached: the control level even after washing 
The increased delayed response which occurred 
shortly after DFP application was never seen 
after the first block 

In DFP 6 x 10° M., block occurred within 3 
minutes following after-discharge and bursts. No 
recovery was seen during continued perfusion 
with this concentration of DFP for as long as 50 
minutes. Washing restored the giant spikes 
within ten minutes. During washing, cycles ol! 
block occurred. Longer perfusion with 6 x 10 
M DFP was not attempted 


“NORMAL” 
REDUCED BURST 
BLOCKE 
E SERINE WASH 
2110 


Pic 2.—A record of the time course of alternation of 


apparently normal synaptic re ponse with pe riod ol 
block during continuous perfusion with eserine 2 x 10 
M. Compare with Fig. 1 a, b. Note briefer original 
blocking time. Frequency of ‘‘spontaneou burst 
during period of synaptic block, long recovery time 


follow ing washing 


Eserine. Within five minutes in eserine 10°° M 
there was observed a series of prolonged burst 
of low voltage spikes followed by after-discharge 
of giant-fibers, further bursts and loss of 7 
chronous response. The  after-discharge-burst 
block sequence occupied several minutes, in most 
cases. If perfusion was continued, the giant 
fiber response often recovered partially, then 
blocked after an interval as in a DFP-treated 
preparation (fig. 2) During continuous eserine 
perfusion synaptic block predominated in the 
cycles; preparations more often remained blocked 
than was the case with DFP Although niapty 
transmission remained depressed, bursts of action 
potentials, which did not seem correlated with 
stimulation, occurred at frequent intervals (fig. 2) 
Such bursts were never seen with DFP. Recoy 
ery after washing was gradual, requiring ten 
minutes or longer after brief application When 
applications were prolonged or concentration 
above 107° M. used, recovery was often incom 
plete after an hour. The delayed response wa 
strikingly prolonged after recovery from eserine 
and remained so for a long period (fig. 6c). Cyel 


of block were very rare after recovery from brief 


applications of eserine 
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leetylcholine. In 
treated with drug 


and >x% IO M 


un- 
lcholine between 10°* M 
caused partial block (fig 
3b). In concentrations between 3 x 10 M. 
and 5x 10°*M. most preparations showed brief 
(10 sec.) after-discharge, followed by asynchrony 
ind block, although 2 preparations were observed 
which were incompletely bloc ked by 10” M 
acet yicholine In comparison, acetylcholine 10 
M. wa when the sheath was intact 
slock was rapidly reversed by washing 

The effect of the 
cribed 


4a preparation previously 
, acett 


olten 


melective 


anticholinesterases as de- 
obvious the difficulties 
of applying acetylcholine in conjunction with 
these In the case of DFP, it would be 
unpossible to attribute a burst-block sequence to 


above make 


agents 
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No effect was produced by 10~° M. acetylcholine 
and no marked effect observed with 10-5 M. 

Urocanylcholine. Between 9 x 10% M. and 
2x 10M. bursts of large and small spikes not 
clearly related to the stimulus were seen. The 


delayed response was decreased or blocked. Be- 
tween 3x 10°*M. and 4x10°*M. the total 
synaptic response was finally decreased and 


blocked 

|-Epinephrine. At 10-4 M. asynchronous bursts 
of low voltage spikes became prominent. The 
synaptic response was frequently increased, 1n 
particular, the giant fiber compound spike was 
facilitated. At 10°*M. the bursts increased, 
after-discharge was seen, and the synaptic re- 
sponse was very decreased or blocked. 


hia 3 Record 
bb) OO sec ifter acetylcholine 
fter recovery from eserine. d) 50 see: 
lotal block occurred at 100 secs 


the action of acetylcholine because of the irregular 


eyelic alternation. On the other hand, it has 
been noted that concentrations of acetylcholine 
between LO and 104M. did not affect the al 


recovery in any obvious 
fashion In the presence ot DFP, acetylcholine 
in concentrations above 104M produced block 
It ha proved impossibl to draw any conclu 
ions from the simultaneous application of eserine 
and acetylcholine because of the predominantly 
blocking sering Hlowever, after re 
from eserine, block was rare and poten 
i of the effect of acetylcholine 
(ig. 3 Acetylcholine 10°'M 
pike after-discharge 


ternation of block and 


action ot ¢ 


bec ame ¢ lear 
otten 
and 


caused 


k. 


burst of 


of post-synaptic response to cercal nerve stimulation a 
No further change occurred after 5 mins. « 
after acetylcholine 10 


Control 
Control 
(eserinized ganglion 


!-Norepinephrine. At 104M. the low voltage 
bursts appeared, as with |-epinephrine. How- 
ever, increase in synaptic response was not so 
marked as with l-epinephrine. Between 107% M 
and 10°? M. after-discharge and total block were 
produced 

5-Hydroxytryptamine (serotonin, enteramine). At 
10° M. the giant fiber spikes and the delayed 
response were somewhat increased. At 10°? M., 
the response was reduced but not blocked 
Hexamethonium. Only at 10°? M 
sistent effect noted The delayed response was 
blocked, the giant fiber compound potential 
decreased 
Decamethonium 


Was any 


con- 
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bursts and after-discharge appeared: the delayed 
response increased. At 10°? M. the total response 
was blocked. 

Tetramethylammonium. At 10°*M. bursts of 
spikes and after-discharge were followed rapidly 
by block. 

Tetraethylammonium:. At 10°? M. the giant fiber 
potential was reduced, the delayed response 
unchanged. Occasional asynchronous bursts were 
noted. 

m-Hydroxyphenyltrimethylammonium. Between 
5 x 10-4 M. and 10° M. bursts appeared and the 
delayed response was increased. At 10°? M. 
after-discharge was prominent and block ensued 
rapidly. 

At 5x 10% 
M. asynchronous bursts appeared. These in- 
creased at 10°? M., at which concentration occa- 
sional preparations were blocked. 
Benzoquinonium (Mytolon, Win 2747). At 10 
M., the delayed response was blocked, the giant 
fiber response greatly reduced. At 10°? M. the 
giant fiber potentials were totally blocked. 
Bursts were absent. 

n-Amyltrimethylammonium. Between 8 x 10-* M. 
and 10°* M. after-discharge and bursts occurred, 
rapidly followed by marked reduction in response 
and block. 

Ergotamine. In saturated solutions (10-4 M. 
approximately) no effect was observed after 
perfusing as long as 30 minutes. 

Pilocarpine. In 10°* M. to 10°* M. solutions 
asynchronous bursts of low voltage potentials 
were evoked. The synaptic response remained 
constant, or, in a few experiments, was partially 
reduced. 

Muscarine. 10° * M. to M. solutions evoked 
asynchronous bursts of low voltage potentials 
with no change in the response itself. 
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DISCUSSION AND CONCLUSIONS 


In a previous study (Twarog and Roeder, 
1956), it was found that the connective tissue 
sheath which invests the roach central nervous 
system consists of an outer, apparently homo 
geneous layer of 5 micra in thickness and an inner 
layer of squamous epithelial cells between 1 and 
3 micra thick. Axonal conduction in normally 
sheathed roach cord is blocked in isotonic KC] 
after 10 to 20 minutes while no block occurs for 
hours in sodium free saline. The desheathed nerve 
cord is reversibly blocked by isotonic KCI or 
sodium deficiency within seconds. Synaptic trans 
mission in the normally sheathed last abdominal 
ganglion is not disturbed by perfusion with 10 
M. acetylcholine, while after desheathing, this 
concentration of acetylcholine blocks reversibly. 

In the course of this survey it has become clear 
that desheathing reduces the concentration at 
which synaptic transmission is affected by many 
pharmacological agents. For the first time in 
the roach, acetylcholine has been shown to have 


consistent synaptic action which 1s potentiated 
by eserine. This confirms the hypothesis that 
acetylcholine is ineffective when applied to at 
intact ganglion because it fails to penetrat 
However, in view of the relativel high con 
centrations of acetylcholine required to influence 
transmission, a full discussion of the cholinergu > 
nature of the cercal nerve synapses 1s premature 
On the other hand synaptic effects such as are 
seen in fig. 3 after 15 secs. of perfusion with 
M. (1.8 x gm/ce.) acetylcholine at a 
rate of 0.5 cc/min. are due to no more than 20 
microgm. of acetylcholine. Comparison with 
early observations of acetylcholine action on 
mammalian muscle (Brown, Dale and Feldberg, 
1936) suggests that new techniques for rapid 
application of small doses of drugs close to 
synaptic terminals, and prevention of possible 
edema in the ganglion, will prove of value in 
assessing acetylcholine potency. Prosser (1940) 
found that 1.0%, acetylcholine always stimulated 
a discharge of neurons in the last ganglion of th 
crayfish, while 10°2.5 (gm/ce.) acetylcholine 
stimulated about half the preparations and 10 
acetylcholine a few. The synaptic response wa 
blocked at these concentrations 

Recently, it has been empha ized (Welsh, 
1955) that the open circulation of arthropod 
may necessitate extreme localization of mediator 
release and action at the junction between nerve 
fibers and muscle. Protected synapses would be 
particularly vital in insects, in which capillas 
circulation within the cord has not been described 
Thus, acetylcholine may fail to penetrate to the 
synapse unless it is in very high concentration 
Sheath-like structures have been noted around 


individual giant axons and certain groups of 
neurons in the roach. (Twarog and Roede1 
1956). 

The above arguments apply not only to 


acetylcholine but to the other agents surveyed 
None of the naturally-oceurring compounds were 
effective in concentrations lower than 10°4 M 
The characteristic bursts and facilitating action 
of epinephrine and nor-epinephrine deserve further 
study, particularly since these compounds art 
known to be present in insect neural tissu 
(Ostlund, 1954). Although 5-hydroxytryptamin 
was notably ineffective at the cercal napse 
consideration of its neural action elsewhere should 
not be neglected. This last opinion derives from 
the observation that 5-hydrox tryptamuine at 
10°* M. strongly accelerates the roach heart and 
has thu: proved at least tenfold more potent that 
epinephrine, almost a hundredfold more potent 
than urocanylcholine and acetylcholine im it 
cardiac action (Twarog, unpublished data) 

The potency of benzoquinonium, a curarizing 
and autonomic blocking agent (Goodman and 
Gilman, 1955) was outstanding relative to other 
cholinergic blocking agent Decamethonium 
} 


more potent than hexamethonium; tetrameth 


A 
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lammonium and m-hydroxyphenyltrimethylam- 
monium more potent than their ethylated 
counterparts. The adrenergic blocking agent, 
ergotamine, was without effect in the concentra- 
tions applied (less than 10-4 M.). 

The method of stimulating continuously at low 
frequency while perfusing in shallow saline per- 
mitted uninterrupted monitoring of the synaptic 
response over long periods of drug application 
and during washing. This aspect of the method, 
rather than desheathing, was responsible for 
certain important results, as summarized below. 

1. At low stimulus frequencies, a delayed 
component of the synaptic response was recog- 
nized. The delayed response, whether an after- 
discharge or synchronous synaptic response, was 
more sensitive to pharmacological agents than 
was the giant fiber response. Very early in the 
course of DFP action, this delayed component 
was facilitated; once blocked by DFP, it was 
not restored by washing. After recovery from 
eserine, this delayed response was frequently 
facilitated for indefinitely long periods. The 
delayed response was blocked by lower concen- 
trations of benzoquinonium than the compound 
giant response, while it was increased by threshold 
concentrations of decamethonium. Acetylcholine 
frequently caused changes in the delayed response 
before the giant fiber response was altered. 
Thus, cereal afferents synapse with fiber group: 
which are more susceptible to drug action than 
are the more frequently studied giant fiber 
Vnapses, whether it be through greater acces 
sibility or greater inherent lability 

2. The eyche alternation of recovery and 
block observed during continuous perfusion with 
anticholinesterases and continuous stimulation 
clarifies certain inconsistencies in previous at 
tempts to study acetylcholine action in_ the 
presence of anticholinesterases (Roeder, 1948). 
At the same time it presents new problems in 
understanding the action of these agents. 10°4 M. 
concentrations of DFP and eserine cause con- 
tinuous block. Yet, on washing, it is the prepa- 
rations treated with the irreversible anticho- 
linesterase which recover most rapidly, im less 
than 10 minutes. In lower concentrations of 
these agents, it is again the reversible anticho 
linesterase, eserine, which exhibits the more 
potent blocking action. The predominant block- 
ing effect of eserine was noted by Roeder, Kennedy 
and Samson (1947) and in fact, under the con- 
ditions of their experiments, the original period 
of facilitation and = after-discharge preceeding 
block was so evanescent that eserine was con- 
sidered to have an action different from that of 
DFP. Barnes and Duff (1953), have demon- 
strated that greater neuromuscular instability 1s 
produced in the rat phreme nerve-diaphragm 
preparation when cholinesterase 1s 10% to 50% 
inactivated than when a greater percentage 1s 
inactivated. Although this might explain dif- 


ferences in the pattern of responses to eserine 
and DFP, both in the present study and in the 
work of Roeder, Kennedy and Samson (1947), 
the blocking effects of high concentrations strongly 
imply depressant, perhaps antimediator, action 
as well as anticholinesterase action on the part 
of both DFP and eserine as discussed by Roeder 
and Kennedy (1955). The depressant, apparently 
toxic, effect of eserine on synaptic transmission 
in the crayfish last abdominal ganglion was 
noted by Prosser (1940). 

As for the apparently spontaneous alternation 
of block and recovery seen in these experiments, 
recent studies (Roeder unpublished) show cycles 
of spontaneous neuronal activity in this ganglion 
which could conceivably be reflected in rhythmic 
fluctuations in metabolite concentration at or 
near these synaptic junctions. No other explana- 
tion suggests itself at this time. 


SUMMARY 


1. The connective tissue sheath which invests 
the cockroach nervous system retards the pas- 
sage of ions from the bathing medium to the 
interior of ganglia and connectives. Desheathing 
the last abdominal ganglion reduces the concen- 
tration at which many pharmacological agents 
affect synaptic transmission. 

2. <A variety of naturally occurring pharma- 

cologically active agents have been applied to 
the desheathed last abdominal ganglion. <Ace- 
tylcholine, urocanylcholine, epinephrine and nor- 
epinephrine have been shown to affect synaptic 
transmission in concentrations of 10-4 M. or 
greater. Acetylcholine action was potentiated by 
eserine., 
3. Certain acetylcholine-blocking and poten- 
tiating agents and an epinephrine-blocking agent 
were also studied. Rhythmic alternation of 
synaptic block and “normal” synaptic function 
were noted during continuous perfusion with 
DFP and with eserine. 

1. The significance of these observations is 
discussed. The specificity of the sy naptic action 
of acetylcholine remains in question. 
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This paper deals with appendages of the tenth 
abdominal segment of the Heteroneura which 
form terminal processes situated at the top of 
the male genitalia and surround dorsally and 
ventrally the anal projection, 

The dorsal appendage, designated collectivel) 
as the scaphium, is subdivided into a central 
projection, the uncus, and the lateral arms, 
lobes or pads, the socu. 
is the gnathos, represented in most cases by a 
sclerotized circular folding of the lateroventral 
wall of the membranous anal projection. The 
lateral and the median processes borne on the 


gnathos are called the brachia and the cochlear 


(a new term) respectively. All these parts are 
subject to considerable modification. The Ca- 
phium occurs quite universally in different form 

while the gnathos may be present or absent in 
individual groups. The secondary modification: 
of these appendages, such as uncus, soci, brachia 


and cochlear, show considerable variation: 
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PHk UNCUS AND SCAPHIUM OF GOSSI 


, the dorsal hook-like proce 
many forms 


At the present time 
of male genitalia, commonly seen in 
of the Lepidoptera, is usually called the uncu 
terminolog It is stated to 

to the tegumen, being fused 
median portion of the 


following Gosse’: 
occur just caudal! 
or articulated with the 
latter 

According to the current theor 
ogy of lepidopterous male genitalia, this 


ol the morphol 
structure 


pertains to the tenth abdominal segment; it 1 
not a true tergum, but rather represents it 
appendage: 

The term uncus was first applied by Goss 
(1882) to the dorsal hook-like proc of male 
genitalia in Papilionidae. The same author 


ventrad to 
Muc h 


attempts to 


noticed another curiou tructure just 
the uncus and designated it the scaphium 
difficulty has been 


find 


encountered in 


structures homologous to the scaphium in 


Po 
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other families? while the terminal hook-like 
process found in other groups, ostensibly similar 


to the papilionid uncus in its morphology, was 
readily homologized with this structure. The 
name uncus has thus been accepted and ex- 
tensively employed by most investigators in this 
field since the classical work of Peytoureau (1895). 
Late howeve the correct homologies ot Gosse’s 
uncus and scaphium were repeatedly demon- 
trated by Kusnezov (1915), Berio (1936), and 
Diakonoff (1954). Thus, the ‘“‘uncus” of the 
Papilionidae, unlike the so-called uncus in other 
forms, does not pertain to the tenth s« gment, 
but rather to the cighth tergum; therefore it is 
not even part of the male genitalia proper which 
should be restricted to the ninth and tenth 
abdominal segments. The recognition of this 
fact reasonably led Berio to the conclusion that 
it is the seaphium of the Papilionidae that is 
homologous to the so-called “uncus’” of other 
families of Lepidoptera. It 1 ndeed, quite 
unfortunate that the uncus and the seaphium 
were studied and named by Gosse in the Papillion 
dace, which show a very specialized form of male 
genitalia. The observation of Berio implied 
quite a confusing alternation in terminology, if 
the priority was to be applied strictly to thi: 
case, because the well known term uncus should 
be replaced by little known or “notorious” 
(Diakonoff, 1954) term scaphium in all the familie 
of Lepidoptera except Papilionidae. 

The Kusnezov and the Berio works, however, 
do not appear to have attracted the attention 
of other workers to any great extent, and the 
conventional use of the term uncus (2.e., the 
terminal process of the eighth tergum in the 
Papihomdae (Papilio, Graphium, Troides etc.) 
and the dorsal appendage of the tenth abdominal 
segment in other forms) had been continued 
until quite recently when Diakonoff proposed to 
use the term uncus in the conventional sense and 
to apply the term superuncus of Kusnezov_ to 
the uncus of Gosse in the Papihonidae, a poli 
which does not follow the priority rule in genitalic 
nomenclature 

As to the scaphium, Diakonoff proposed to use 
it in the sense of Pierce (1909) while he con 
sidered Gosse’s papilionid scaphium as a modi- 
fication of tegumen. However, Berio’s findings 
ean fully be confirmed by our own observations 
on numerous species of Papihonidae, including 
forms from both Old and New Worlds. 

Fig. 1A shows a typical example (Trotdes). 
In this, the caudal end of the eighth tergum 1 
medially elongated nto a prominent hook -like 
sclerotized blind tube (Gosse’s uncus) 
developed quite weakly, and 
Between the dorsal 


heavily 
The tegumen 1 


broken at the median line 


*For example, Pierce (1909) applied the scaphium to 
the dorsal sclerotization of the anal tube in Noctuidae 
This homology wa however, obviously incorrect, a 
will be shown in later section 
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termination of the genitalia proper and the base 
of the uncus of Gosse, there is a heavily sclerotized 
plate (a), the close attachment of which to the 
narrow tegumen obscures the distinction between 
the eighth and ninth tergum. The scaphium is 
a partly sclerotized and partly membranous 
structure, covering the dorsal half of the anal 
tube and ending laterally in a pair of tiny lobes 
or pads, which may further be divided into 
proximal (dorsal) (u) and the apical (ventral) 
(s) processes. In another example (Fig. 1, B 
Papilio) the paired scaphium has two edges 
(u and s), each of which may be regarded as a 
process; the sclerites of the two processes are 
continuous distally, but separated proximally by 
a membrane. Along the caudal margin of the 
tegumen, there are paired sclerites (b) which are 
united at the median line and sink between the 
paired sclerites of the scaphium. The connecting 
sclerites (b) are apparently not a part of the 
tegumen, but represent a sclerotization of the 
conjunctival membrane between the tegumen 
and the scaphium or the ninth and tenth segments. 
At the median line, this remains partly membran- 
ous, forming a small window. This part may be 
similar to the structure called by the same 
expression in Russian (okontse) by Kusnezov 
(1916), and will be named hereafter the fenestrula. 
The scaphium and the tegumen of Sericinus 
(Fig. 1, C) is rather similar to those of Papilio. 

In other forms of Papilionidae the scaphium 
is further subject to considerable modification. 
In Graphium (Fig. 1, D) it has a pair of lateral 
(s) and a pair of partly sclerotized median (u) 
pads. In Graphium eurous Leech (Pig. 1, E and 
F) the median body of the scaphium is occupied 
by a flat selerite with lateral ear-like projections 
(s). The apical processes (u) are weak papillae 
separated entirely from the main body of the 
scaphium. In these forms the tegumen is 
developed quite weakly as in Papilio, Troides, or 
Sericinus 

The scaphium of /phiclides (Fig. 1, G) 1s de- 
veloped in a different direction. It looks much 
like the “‘uncus’’ of other families. Its main 
body is represented by a median projection 
which is apically divided into a single median 
(u) and paired lateral (s) teeth. The tegumen 
of this form is broader than in the foregoing 
groups. The scaphium and the tegumen of 
Luehdorfia (Fig. 1, H) are rather akin to those of 
I phiclides. The scaphium is separated medially 
to form a pair of long processes. 

The median process (u) of Parnassius nomion 
Fischer (Fig. 1, K), if it represents a part of 
scaphium, is fused with the tegumen without a 
noticable suture and fenestrula. But it may 
well be a median projection of a well developed 
tegumen. The two lateral arms (s) are separated 
from the median process (u) and also from the 
tegumen proper, and receive the flexor muscles 
from the tegumen 
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This is a brief presentation of the variability 
of the papilionid scaphium as recognized with 
our restricted material. Certainly it must fur- 
ther be vastly modified in various directions. 
Different processes of the papilionid scaphium 
can hardly be correlated with one another on the 
basis of reasonable homologies. But in some 
instances the dorsal, proximal, or median process 
(u) may represent the “‘uncus’’, and the ventral, 
apical, or lateral processes (s) may correspond 
to the soci of other forms. The examination of 
musculature of the scaphium might seem to 
contribute to the better understanding of its 
morphology. However, it was found that the 
scaphium of Troides and Papilio have no flexor 
muscle, and there can not be found any muscles 
apparently homologous to the flexor of the 
“uncus” or soci of other forms as described 


bel Ww. 


REDEFINITION OF THE UNCUS 


Although our observation amply confirmed 
Berio’s finding, we are of another opinion than 
the one suggested by him as regards the nomen 
clature of the structures concerned. Berio (1936 
proposed to use the term uncus, in accordance 
with the original definition of Gosse (1SS2), to 
designate the terminal process of the eighth ter 
gum of the Papilionidae, while the dorsal append 
age pertaining to the tenth segment may _ be 
called seaphium in place of uncus as applied 
conventionally to this structure. Such change 
n terminology, however, seem to be of but 
formal significance, causing much confusion in 
the morphological as well as taxonomic studi 
of lepidopterous male genitalia, because they 
involve such an important part as the “uncu 
of authors. We therefore follow the proposal of 
Diakonoff (1954) to retain the definition of the 
uncus as 1s current in the present literature and 
sink the original definition of this term of Goss« 
To the terminal process of the cighth tergum, 
then, the name superuncus given by Kusnezov 
(1915) should be used. This will restrict to a 
minimum the confusion of terminology presented 
in the present observation: 


THE UNCUS 


The typical hook-hke dorsal process pertain 
ing to the tenth segment, the uncus, 1s found 
commonly in many families of Lepidoptera 
Hesperiidae, Pieridae, Satyridae, Nymphalidae 
(Argynninae, Limenitinae, Apaturinae), Noctut 


dae and allies, Geometridae, Notodontidae, Pvral 


idae, Tortricidae, et In the majority of case 
it is single, but not infrequently it 1s bifurcate 
apically or even at the base In cases where the 


two hooks are independent, there is still a con 


tinous gradation in the extent of eparation ol 


his implies that the use of the term uncus originate 


from Peytoureau (1895), not Gosse (1882 


} 


the pair from a closely attac hed state to a widel 
separate one. The hook is generally a sclerotized 
blind tube; its outer (dorsal) side 1s fused with 
articulated to, or separated by a membrane 
from, the sclerite of the tegumen. Usually th 
is a median membranous portion (fenestrula) 
The ventral or inner wall of the hook goes into 
the membrane at varying distance from. it 
apex. The proximal margin of the ventral wall 
of the sclerite of this hook usually forms an 
inverted V shape, its lateral wall thus represent 
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The following abbreviations are f 
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A, anus; B, brachium: ¢ osta 
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ing the reflected portion of the dorsal wall. It 
is to this region that the paired muscles of the 
uncus, the flexor, arising from the lateral walls 
of the tegumen, are inserted. 


THE SOCIT 


The name socius-socii was given by Pierce 
(1914) to more or less soft lobes projecting 
laterad to the uncus in the Geometridae. Typical 
examples are encountered in the Geometrinae 
(=Hemitheinae) (Fig. 2, A). The development 
of the uncus and that of the socii in individual 
species seem to be quite independent, for there 
are forms with both the uncus and socii developed 
prominently (Fig. 2, A: Cosmostola (Geometri- 
nae)), while in other forms either one of them is 
rudimentary or entirely absent (Fig. 2, B Hip- 
parchus (Geometrinae), uncus rudimentary; Fig 


2, © Scopula (Sterrhinae), uncus missing; Fig. 2, 

Ephoria (Ennominae), soci rudimentary, 
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Fic. 2 The caphium and ynatho of the Geo 
metridae (ventrocaudal view Socii and uncus are 
clearly discernible when present A, Cosmostola sub 
tiliaria Bremer. B, Hipparchus papilionaria L. C, 
Scopula superior Butler D, Ephoria arenosa Butler 
E, Angerona nigrisparsa Butler. F, Lygris  ledereri 
Bremer 
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represented by pads at the base of “uncus’’; 
Fig. 2, E Angerona (Ennom.), both uncus and 
socii rudimentary; Fig. 2, F Lygris (Larentiinae) 
and others, socii entirely absent). The sclerite 
of the socii is usually continuous with that of the 
uncus. As is seen in Fig. 2, A (Cosmostola), the 
socius 1s formed by a process swollen out from 
ventrally reflected proximal part of the uncus. 
The socius receives the flexor muscles from the 
tegumen, and these muscles are exactly homolo- 
gous to the ones inserted to the uncus, because in 
the case where both the uncus and socti are 
developed, it is the socii and not the ‘‘uncus”’ 
that receives the flexor muscle from the tegumen. 

The socii are observed in varying degree of 
development in different groups of specialized 
Lepidoptera. Unlike the condition in most 
Geometridae, they can be even heavily sclerotized, 
and can be modified into various shapes. 

In the Rhopalocera, typical socii are found in 
the Lycaenidae (Fig. 3), where they were called 
“cheeks” by Bethune-Baker (1914, 1922, 1924). 
In re pre sentative species of Notodontidae strongly 
developed soci are situated ventrally to the 
uncus, simulating the brachia, but they serve 
as insertion points of strong flexor muscles, 
which should be taken as the criterion to dis- 
tinguish socit from brachia (Fig. 4). This 
modification of the soci was named by Chapman 
(1911) as the subunci in the Notodontidae, a 
designation published earlier than the soci. 
Forster (1936) failed to distinguish them from 
the lycaenid brachia, and called the latter 
Uncushaken (=subunci). The paired dorsal 
process of the tenth segment seen in the 
Nymphalidae (Melitaea, Vanessa, Nymphalis etc.) 
may be the socu (Fig. 5). 


THE SCAPHIUM AS THE MORPHOLOGICAL UNIT 


From what is stated above it is obvious that 
the uncus and socii represent the secondary 
modification of the sclerite which, pertaining to 
the tenth segment, receives a pair of bilateral 
muscles arising in the tegumen. If we were to 
insist that those sclerites in which homologous 
muscle are inserted are homologous, then we 
would fail to identify the median dorsal process 
occuring in those forms which, in addition, 
possess the soci; for in many forms in which the 
socit are absent the flexor muscles are inserted 
to the median uncus, while in forms possessing 
both the uncus and soci the flexor muscles are 
inserted to the lateral socu, leaving the median 
uncus unmusculated. It should further be kept 
in mind that in many instances the rigorous 
distinction between uncus and soci can hardly 
be realized because of the transitional nature of 
the structures encountered. 

In fact, just such is the case in the Papilioni- 
dae in which Gosse designated the dorsal processes 
pertaining to the tenth somite as the scaphium. 
As described above, two sorts of processes may be 
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distinguished in the sclerite complex of the or ovipositor of female genitalia as observed in 
scaphium in the Papilionidae, and in certain many forms (Fig. 8). In reality, this analog 
instances, the median, dorsal, or proximal process may not be fortuitous The homology of the 


(es) or swelling(s) (u) may reasonably be called 
the uncus and the lateral, ventral, or apical 
ones (s), the soci. But it is quite uncertain that 
one is able to do so consistently in every species 
of the group. 

It may well be suspected that, because of the 
lack of the flexor muscle in the scaphium of Papilio 
and Troides, this part is, in spite of its apparent 
similarity to the uncus and soci, actually not 
homologous to the latter structures. But in the 
scaphium of Parnassius nomion, the bilateral, 
well developed arms should undoubtedly be 
considered as the socii because of the presence 
of the flexor muscles. This finding inescapably 
leads to the idea that the lack of the flexor 
muscle in the scaphia of many papilionid genera 
is nothing but a consequence of an enormous 
development of other clasping organs such as 
the valva and superuncus in that family; the 
scaphium, being homologous to the musculated 
uncus-socil complex of other forms, is reduced in 
relative size and serves no longer as the functional 
dorsal clasping organ as is the case in most 
Lepidoptera. Indeed, such a retrograding event 
occurs not rarely in the morphology of male geni- 
talia; e.g. the reduction in relative size of the 
valvae in Strymon and allies (Lycaenidae) 
accompanied by the loss of their intrinsic muscles, 
or the unilateral disappearance of the furca with 
its muscle as observed in some forms of Geo- 
metrinae (Okagaki et al., 1955). 

It is now clear that the name scaphium should 
be used as the name of the whole uncus-socii 
complex. This idea will bring about no modifi 
cation in the concept of scaphium as originally 
presented by Gosse in papilionid forms, and it 
will result in much convenience in the description 
in cases where the strict distinction between the 
uncus and the scaphium is hardly realizable. 

The retainment of the term scaphium in_ the 
nomenclature of lepidopterous male genitalia as a 
collective name for the sclerite comprising the 
uncus and soci, however, has a morphological 
significance more fundamental in nature 

In relatively primitive forms of the Lepidoptera 
such as the Lasiocampidae (Fig. 6) or Zygaenidae 
(Fig. 7), the soci are frequently represented by 
bilateral weak hairy pads with no flexor muscle 
In more specialized forms such as the Papilionidae, 
the lack of flexor muscles on corresponding 
sclerites may well have been a_ result of 
secondary degeneration of that part Sut the 
weakly developed socii in the above families may 
be interpreted as the representatives of a more 
basic pattern in the evolution of the uncus-socii 
complex. 

In this connection it 1s worth while to mention 
a considerable resemblance in appearance between 
the socii of these families and the papillae anal 


two structures has already been pointed out b 
Kusnezov (1916, 1926) in his observations on tl 
genitalia of some gynandromorphs (Dendrolimus 
(Lasiocampidae) and Plebejus (Lycaenidae )) and 
Kosminsky and Golowinskaja (1929) in- then 
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tudies on the ontogenic development of genitalia 

of Porthetria dispar (L.) (Liparidae). the 
species studied by Kusnezov, the male homologue 
of the papillae anales were the socii, although 
Kusnezov himself called the latter the uncus. 
The species studied by the latter authors bears a 
typical uncus in the male genitalia. According 
to them, both the male uncus and female papillae 
anales are derived from a pair of bilateral rudi- 
ments; in the male the rudiments move towards 
the median line and unite there to form the 
uncus, while in the female they do not leave the 
original site and develop there to the paired 
papillae anales. If, then, these rudiments in 
the male stayed at the original site, they would 
develop into the paired soci. According to 
Kosminsky and Golowinskaja, the rudiments of 
the uncus and papillae anales are represented by 
the postpodes or pygopod: of the larva. Snod 
yrass (1935) also suggested that the socii may be 
the derivative of pygopods. Thus, both soci 
and uncus may arise from a common. origin, 
developing in different directions. But apparently 
they do not exclude each other in their develop 
ment, and there may well be some intermediate 
forms. It is now quite reasonable to assume 
that the uncus and the socii constitute the single 
morphological unit which should as a whole be 
designated the scaphium — If this scaphium be a 
derivative of the lateral appendages of the 
tenth somite, or pygopods, it follows that its 
muscles should orginate in the tenth somite 
Actually however, there is no indication that 
the tergum or the sternum of the tenth segment 
does occur in the male genitalia of the specialized 
forms of Lepidoptera. This fact, together with 
our findings that flexor muscles of the scaphium 
ae present in higher forms but absent in lower 
ones, strongly suggests that the muscle of the 
scaphium arising from the tegumen (ninth 
tergum) is of secondary development. 

Recently the problem of identifying Gosse’s 
scaphium was raised by Diakonoff in his proposal 
of the unified terminological system devised for 
the Lepidoptera. He suggested, according to 
Kusnezov (1915), that the scaphium of the 
Papilionidae is a part of the tegumen, and he 
applied that name, according to Pierce (1909), 
to the dorsal sclerotization of the noctuid anal 
tubs gut the Russian authors Kusnezov (1916) 
and Kosminsky and Golowinskaja (1929), con 
sidered the selerotized conjunctiva between the 
uncus and minth tergum as the tenth tergum. If 
such were the case, the flexor muscle of th 
uncus or soci, the pygopod as they suggested, 
should arise from that sclerite. Actually how- 
ever, no muscle can be found to arise therefrom 
And it 1s now widely accepted that there is no 
definable tenth tergum in male genitalia of more 
specialized Lepidoptera. Our view on the use 
of scaphium as the collective name for the 
uncus and socu is at variance with the proposal 


of Diakonoff who condemned Gosse’s scaphium 
as a ‘‘notorious’”’ term which should be excluded 
from terminological consideration. We hold that 
Diakonoff’s proposal may be sound in itself but 
still it would be irrelevant to the present situation 
as explained above. There is an inescapable 
need of a term for the uncus-socii complex and 
the scaphium is only one name available for it. 
The reason for our preserving the term scaphium 
for this complex will be fully presented elsewhere 
(Sibatani ef al., in press) and shall not be repeated 
here. 

The adoption of the name scaphium to denote 
the uncus-socii complex necessitates the change 
of the names for anal sclerotization, 1.e. the 
scaphium of the Noctuidae (Pierce, 1909) and 
the subscaphium of the Geometridae (Pierce, 
1914). These structures are morphologically 
quite unimportant and could be left without 
special Greek or Latin terms (according to the 
policy of Diakonoff). But they may be called, if 
desired, according to the suggestion of Berio 
(1936), the ligula and subligula, respectively. 


THE GNATHOS AND ITS MEDIAN PROCESS, 
THE COCHLEAR 


The gnathos, as first described by Pierce in 
the Geometridae, is a sclerotized circular folding, 
or band, ventrally surrounding the proximal 
part of the anal tube. It is attached laterally 
to the uncus or tegumen, often to both of them. 
It has no muscle. This structure is apparently 
not the true tenth sternum, but its ontogenetic 
origin remains to be solved. It often bears a 
median process, which may be called the cochlear. 
This term has already been used by Inoue (1944) 
following the suggestion of one of the present 
authors (A. 


PHE BRACHIA AS A PART OF THE GNATHOS 


A pair of free arms attached laterally or 
ventrally to the base of the scaphium is found 
commonly in certain rhopaloceran families such 
as the Satyridae (Fig. 9), Amathustidae, Ruio- 
dinidae, Lycaenidae (Fig. 3), and Thyatiridae 
(Fig. 10), forming good characteristics of these 
families. The mode of their association to the 
scaphium and tegumen is quite like the one 
observed with the gnathos, but their over-all 
appearance differs markedly from that of the 
gnathos. This caused much controversy in the 
terminology. In the Satyridae, the sclerite 
were called brachia by Muschamp (1915), a 
term extensively used by Warren (1936) in his 
comprehensive treatise of the genus Erebia. In 
the Lycaenidae, they received the designations 
side lobes (White, 1876), falces (Bethune-Baker, 
1914, 1922, 1924) and Uncushaken (Forster, 
1936) In the Thyatiridae Pierce (1909) con- 
sidered them as a part of trifurcate uncus. Like 
the gnathos, they have no muscle inserted to 
themselves; this fact, together with their con- 
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comitant occurence with socii in the Lycaenidae, 
indicates that the brachia are a structure distinct 
from the scaphium. Whether some of the 
dorsal terminal sclerites found in the Papilionidae 
(as in Parnassius, Fig. 1 K) represent the brachia 
rather than the scaphium can not be answered 
because the flexor muscle of the scaphium is 
lacking in this group. 

It was now found that in some forms possessing 
a genuine gnathos, the latter bears free horn-like 
processes at its bilateral bases with which it is 
articulated to the scaphium and or tegumen 
(Fig. 11, Halpe and Pyrgus, Hesperiidae; Fig. 12, 
Alcis, Geometridae). Such processes, pertaining 
unquestionably to the gnathos, are very similar to 
the brachia, not only in their relation to other 
sclerites and in musclature, but also in their 
general appearance. It is thus clear that the 
brachia in the Satyridae, Riodinidae, Lycaenidae, 
and Thyatiridae are homologous to the gnathos, 
representing the development of this structure in 
a specialized direction. Accordingly, we propose 
to regard the brachia as a part of the gnathos, and 
to apply this name to lateral free arms occuring 
at the base of the gnathos, whether they occur 
independently (when the arc-shaped sclerite of 
gnathos is lacking) or are developed as a part of 
the gnathal sclerite. 

Thus, the integral structure of the gnathos 
is very similar to that of the scaphium. Both 
can develop median process (cochlear and uncus) 
and lateral lobes (brachia and [Important 
difference of the two structures consists in the 
presence in the scaphium and absence in the 
gnathos of the musculature in typical instances. 


CONNECTION OF THE SCAPHIUM AND 
GNATHOS WITH THE TEGUMEN 


In many forms of Noctuidae and Geometridae, 
the scaphium 1s associated with the tegumen 
without any intervening sclerites, except for the 
gnathos, which, if present, arises at the base of 
the scaphium, being incorporated in the con 
junctival membrane between the scaphium and 
tegumen. At the dorsal median line, this con 
junctival membrane may be widened like a 
hyaline window between scaphial and teguminal 
sclerites (Fig. 2, A, B, E, F) Such a trend 1s 
particularly conspicuous in geometrid forms. 
We hold this intercalated part at the dorsal 
median line as the simplest form of the fenestrula 
to be mentioned below. 

In rhopaloceran forms, on the other hand, the 
conjunctival membrane between the tegumen 
and scaphium often undergoes sclerotization to 
a varying extent, and, in most instances where 
such is the case, the median portion of this con- 
junctiva remains unsclerotized, thus dividing 
the conjunctiva into bilateral sclerites (Pig. 13) 


‘In some forms of Hes periidae, the distinction betweer 
the cochlear and the brachia does not seem to be feasible 
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This membranous structure was first desenbed 
by Kusnezov (1916) under the designation ol 
the “small window’ (okontse in Russian). In 
this place we propose to designate it technically 
as the fenestrula. This has already been men 
tioned above in connection with the morpholog: 
of the scaphium in the Papilionidae. The d 
nomination of this struc ture seems to be profitabl 

because it will readily provoke attention to the 

pos ible sclerotization of the conjuctival mem 

brane between the tegumen and scaphium and ip 
facilitate the recognition of the true boundari 
of the tegumen, scaphium and gnathos.? This 
attitude of the observation may be helpful for 
understanding morphological integration of the 
structures discussed in thi paper The taxonomu i} 
value of recognizing different patterns with 

respect to such structural organization 1 
demonstrated by Ogata (1950) in his study of 


hesperid male genitaha 


SUMMARY 


| The dorsal appt ndages of the tenth somite 
probably homologous to the pyyopods, can be 
called collectively the scaphium The scaphium 
can be deve loped into a median uncus and lateral 
socii, but in some instances the strict distinction 
of the uncus and the soci ts difficult 

2. Generally the caphium 1 provided with a 
pair of flexor muscles arising from the tegumen 
and inserting in the base of the sclerotized innet 
wall of the scaphium. In cases where the soen 
are present, they receive the flexor muscle and 
the uncus remain unmusculated. But in form 
without socil the uncus serves as the insertion 
point ol the flexor muscle 

3. Like the seaphium, — the 
ventral appendage pertaining to the tenth 
somite, can deve lop a median proce , the coch 
lear, and the lateral arms, the brachia Usuall 
either one of the two processe occurs or the 
are both entirely missing in individual taxonomu 
how, how cve! 


gnatho the 


groups. Some scattered instance: 
that they are not mutually exclusive but re 
present modifications in different directions of a 
single morphological structure. The gnathos ha 
no muscle so that the brachia are easily di 
tinguished from the soci in most instance 

!. The importance of recognizing the extent 
of sclerotization of the conjuctiva between the 
tegumen and the scaphium is emphasized 
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RATIOS OF IONS REQUIRED TO MAINTAIN THE HEART BEAT OF THE 
AMERICAN COCKROACH, PERIPLANETA AMERICANA LINNAEUS' 


DANIEL LUDWIG, SISTER KATHLEEN 


variety of saline solutions, wide 
ranges of tonic concentrations and osmotic pres- 
sures, have used for insect tissues. <A 
review of this work is given by Barsa (1954) 
Several investigators have attempted to formu 
late satisfactory saline solutions for the American 
cockroach, Pertplaneta americana. Pringle (1938) 
used a solution hypotonic to cockroach blood 
with a Na’ K ratio of 34, and a Kk Ca ratio of 
1.4 Yeager's (1939) solution is isotonic and the 
corresponding ton ratios are 5.2 and 2.7, respec 

ay tively The best solutions developed by Griffiths 
and Tauber (1943) are hypertonic with Na Kk 
ratios which ranged from 26 to 53, and Ko Ca 
ratios from 0.7 to 1.4. The fact that satisfactor 
results were obtained by cach investigator show: 
a preat isolated tissues to the com 
position of the surrounding medium 


having 


been 


tolerance of 


ad Barsa (1954) studied the behavior of isolated 

hearts of the grasshopper, Chortophaga viridi 

fasciata (DeG.) and. of pupae of the Cynthia 
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moth, Samia cynthia (Drury) (as S. walkeri), in 
isotonic solutions of varied ionic concentrations. 
She found them to be very tolerant to changes 
in the Na/k ratio, but more sensitive to those 
of K Ca. The grasshopper heart beat for 24 
hours in solutions with Na/K which varied from 
3 to at least 34, while the K Ca could be varied 
from 0.3 to 3.0. Corresponding values for the 
pupal heart of the Cynthia moth were 0.07 to 
at least 34, and 1 to 2.6. 

The present experiment is an attempt to find 
a proper isotonic saline for the American cock- 
roach based on the tolerance of the isolated 
heart to different tonic ratios. 


MATERIAL AND METHODS 


1yvmphs or young adult cockroaches 
were used 1n all experiments. Blood was obtained 
by clipping the antennae. Its osmotic pressure 
was determined by Barger’s vapor pressure 
method as used by Ludwig (1951). 
olutions of NaCl, KC1, and CaCl. were then 
They were mixed in different quanti- 
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the osmotic pressure. All solutions were made in Table |. This table does not contain a \ 
with glass redistilled water, which was also used plete list of all results, but mainly those wl 


Isolated heart preparations were made by the activity 1s listed as 3+ or as 5+, the hearts | 


Previous to the dissection the insects were not continue over-night. It is evident fron 


in the test solution which was maintained at beat for 3 hours in isotomie solutions with « 


over the preparation for the duration of the the rhythm was irregular. The hearts did 
experiment. All observations were made with a beat for 24 hours in solutions with the k 
binocular dissecting microscope, and the number ratio less than 0.9 nor more than 3.5, regard 
of beats per minute was recorded. Readings of the Na’K ratios. Within this range, 
were taken every 5 minutes for the initial 3 hours. hearts beat for 24 hours in solutions conta 


TABLE | 


MILLILITERS OF ISOTONIC SOLUTIONS AND ION RATIOS NEEDED FOR MAINTAINING THE HEARI 
BEAT OF THE AMERICAN COCKROACH 


ION Ratios PERIOD 
NaC] KC] CaCl Brats/MIN ACTIVITY 

Na K K /Ca (hour 
200 05 l 236 07 21 3 
200 10 i 11S 1.4 24 3 
200 50 24 6.8 32 3+ 
200 10.0 12 13.7 4S 3 
200 20 0 6 27.4 1s r+ 
200 20.0 3 9 | 14 
200 20.0 s 6 $4 is 244 
200 20.0 6 1S $24 
200 20.0 30 6 O49 3S 24 
200 20.0 60 45 32 3 
200 10 3 30 1s M4 2 
140 25.0 3 2.3 2h 
140 16.5 15 5 1.5 4 24 
140 8.2 15 10 0 75 20 4 
210 2 0 75 32 
2 15 20) O75 20 
70 8 2 15 0.75 14 3 


hours, the procedure remained the same except = (in grams per liter) of each of these solutior 
that a slower flow of solution was employed — the order listed in Table I, 1s as follow 
over-night. 


ea NaC 3: KC and CaC lo, 0 
lhe solutions were evaluated by the ability of I. Na A, 1, 1.45 a 1 Ca 
2. NaCl, 11:0; KCl, 1.4:.and CaCle 13.1 
the immersed hearts to beat at uniform. rate: 
over a 3 hour, and over a 24 hour period. For 4 ‘ 

1, NaCl, 12.4; KCI, 0.3; and CaCl,, 0.2 
each solution (except solution number 4) a 
minimum of 9 hearts was studied ) Nal : 10.0 Kx | ..4° a d CaC ls. I | 

6. NaCl, 10.3; KCI, 1.7; and CaCly, 1.5 
OBSERVATIONS 
7 : In solutions 2, 4 and 5, the beat vere 
The osmotic pressure of the blood was found regular than in the other Since the hi 
to be equal to 0.224 molal NaCl (freezing point beat for a longer time in solution 2, it 1s conside 
depression 0.77°C.). Isotonic solutions of NaC], the best of those listed 
KC1, and CaC ls were each found to be toxic. In 


NaCl, the hearts beat irregularly, and the rate 
decreased from an initial value of 77 per minute 
to 12 at the end of 15 minutes, and zero at the The freezing point depression, calculated 


failed to beat. is in agreement with that (0.75°C.) obtained 


to rinse all glassware. show the limits of ion ratios. When the perio 


end of 1 hour. In KC1 and CaClse, the hearts the blood of the American cockroach (0.77°C 


ties to vary the ratio of ions without changing The effects of varying the ionic ratios are show! 


lo 


the 


25°C., aerated continuously, and allowed to flew — traces of K and Ca. However, in these solutios 


the 


Tare 


method described by Yeager and Hager (1934). longer than the designated time but beating did 


anesthetized with CO». The hearts were bathed data presented that the cockroach heart 1s able to 


al 


When solutions were used for a minimum of 24 Nak ratios from 3.0 to 30.0. The compositior 
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Rouschal (1940) for the blood of the Oriental 
cockroach, Blatta orientalis. 

The present observations are in accord with 
the conclusions of Barsa (1954) that insect 
tissue is tolerant to a wide range in the ratio of 
Na/K, but is sensitive to that of K/Ca. With 
this latter ratio between 0.9 and 3.5, the hearts 
of the American cockroach beat for at least 24 
hours when the Na/K ratio was varied from 3 
to at least 40. However, they did not beat in 
any solution with the K/Ca ratio less than 0.9 
or more than 4.5. These limits are similar to 
those listed by Barsa (1954) for the heart of the 
grasshopper, Chortophaga viridifasciata, These 
results indicate that a satisfactory saline solution 
have a varied NaCl, KCI, and 
composition, The observation that hearts were 
able to beat for at least 3 hours in solutions 
with only traces of KC] and CaCle explains the 
apparent satisfactory results obtained by other 


wits workers with different saline solutions. 
The success obtained by Pringle (1938), Roeder 
(1948), and Griffiths and Tauber (1943) with 
solutions which were not isotonic with the blood 
of the American cockroach may be explained on 
the basis of an impermeability of the tissues to 
water Sursa (1954) found that grasshopper 
a hearts could beat 24 hours in solutions which had 
times the osmotic pressure of the blood 


She also reported that solutions with three 
fourth the osmotic pressure of the blood were 
satislactor for the pupal hearts of the Cynthia 
moth. Thus although the tonicities of the blood 
of these two species are very different, their 
hearts are tolerant to solutions with the same 
osmotic pressure. Similar results were obtained 
by Butz (1956) with the hearts of larvae, pupae, 
and adults of the mealworm, Tenebrio molitor L 
He found that the blood of the pupa had a 
higher osmotic pressure than that of the larva, 
which in turn was higher than that of the adult 
However, their hearts were able to beat for 24 
hours in the same saline solution. Tissues. of 
inseets with a high blood osmotic pressure appear 
to be tolerant to hypotonti lutions, and those 


rHE ANT PLANT, ORTHOCARPUS PUSILLUS 
BENTHAM A SEEMINGLY NEW CHAPTER 
IN THE ECOLOGICAL RELATIONSHIP BE 
I'WEEN ANTS AND PLANTS, by PREVOR 
Kincaip, The Calliostoma Company, 1904 East 
f2nd, Seattle 5, Washington Pp. 12, 6 plate 
mostly photogr ip! 1954 Price, 50¢ 


NOTES AND DESCRIPTIONS OI AMERICAN 
FRESH-WATER CALANOID CRUSTACEA, by 
PREVOR KINCAID Phe Calliostoma Company Pp 
38, 10 plate (line drawing 1056 Price, $1.00 

bookbinder- distributor Kincaid (See review of the 

first Calliostoma publication in the ANNALS, 47 354, 

1954) ha produced two more public itions that deserve 

to be brought to the attention of e1 tomologi ts The 


of insects with a low blood osmotic pressure, to 
hypertonic solutions. 


SUMMARY 


] The blood of the American cockroach is 
isotonic to a 0.224 molal solution of NaCl 
(freezing point depre ssion of 0.77°C.) 

2. The heart of this insect will beat for 3 
hours in an isotonic solution of NaCl containing 
small amounts of KCI and CaCly. It will beat 
for 24 hours in isotonic solutions containing 
mixtures of these salts, provided the Na/K ratio 
is between 3 and 30, and the K /Ca ratio between 
0.9 and 3.5. 

4. The composition of the solution in which 
the hearts beat for the longest time is NaC1 11.0, 
KC1 1.4, and CaCl, 1.1 grams per liter. 
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first 1s of more general interest: it describe the interest 
ing modifications of a low-growing scrophulaceous plant 
that effect fertilization by an insect of a group whose 
role in this respect is otherwise insignificant The 
econd deals with the systematics of the diaptomid 
with desc riptions of two new pecies, consideration of 
the generic problem as applied to this group, and with a 
review, key, and studies on an infra per ific level of the 
genus /esperodiaptomus. Like their predecessor, these 
publications are printed on a hand-press, with photo 
graphed illustrations pasted in. The results are satis 
factory, though by no means of professional printing 
tandard Professor Kincaid's many friends and 
admirers will, however, be pleased to know that he 1 
continuing to get some of the results of a long life of 
cientific study into print. 
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THE EUROPEAN CORN BORER, PYRAUSTA NUBILALIS (HUBN.), AND ITS 
PRINCIPAL HOST PLANT. IV. LARVAL SACCHAROTROPHISM 
AND HOST PLANT RESISTANCE! 


STANLEY 


Department of Entomology, University of Wiscon 


When confronted with a choice of two or more 
purified diets or plant tissues, larvae of the 
European corn borer tend to feed selectively on 
the diet or tissue containing the highest con- 
centration of sugars (Beck 1956 a, b). This 
behavior characteristic has been named saccharo- 
lrophism (Beck 1956 b). A detailed investigation 
of the saccharotrophic response of the borer 
disclosed that the sugar content (glucose, fructose, 
or sucrose) of the dietary substrate influenced the 
maintenance of larval feeding; the length of time 
a larva remained at a given feeding site was in 
direct proportionality to the sugar concentration 
of the site (Beck 1956 c). Saccharotrophism, 
operating in conjunction with thigmotaxis and 
negative phototaxis, was found to be an im- 
portant factor in the orientation of borer larvae 
on the corn plant (Beck 1956 b). 

A number of workers have speculated upon or 
investigated the role that plant sugars might 
play in the complex relationships between the 
host plant and the trophic stages of phytophagous 
insects. Comes (1916) postulated that, since the 
sugar content of plant tissue rises and the organi 
acid content declines as the tissue matures, there 
must be a correlation between host plant resist 
ance and the sugar: acid ratio in those in 
stances where the young tissue is more refractive 
to insect feeding than is older plant tissue. 
Emery (1946) found that alfalfa resistance to the 
pea aphid, Macrosiphum pisi (Harr.), was asso 
ciated with a high acid level and low sucrose 
content of the host plant tissues. He also 
observed that the aphids tended to feed most 
intensively on the plant parts relatively high 1n 
sugar content. Huber and Stringfield (1942) 
observed that different varieties of corn showed 
varying degrees of resistance to corn leaf aphid 
infestation of the tassel Chemical analvses of 
the sugar present in the pollen from varieties 
differing in aphid susceptibility disclosed no 
pertinent varietal differences (Haber and Gaessler 
1942). Metzger, et al. (1934) found that plants 
high in sugar content were more susceptible to 
Japan © beetle, Popilla japonica Newm., damage 


than were those low in sugar. 


‘Approved for publication by the Director of the 
Wisconsin Agricultural Experiment Station. This study 
was supported in part by the Research Committee of 
the Graduate School from funds supplied by Wisconsin 
Alumni Research Foundation 

Accepted for publication July 24, 1956 
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Baugh (1928) measured total  (titratabl 
acidity and sugar contents of corn plant tissue 
in an effort to correlate either or both of these 
characteristics with resistance to European corn 
borer infestation. He found an inverse relation 
ship between acid level and borer infestation, but 
detected no correlation of infestation with sugar 
content Sayre (1930) and Beck and Lilly 
(1949) reported that although the titratabl 
acidity of corn plants declined as the plant 
grew, no varietal differences in this characteristi 
were found which could account for varietal 
differences in susceptibility to borer feeding 
Turner (1951) sought a relation between the 
sugar content of corn plants and borer survival 
No. correlation found but the method 
employed were objectionable in that sugar con 
tent was estimated refractometrically and sampl 
of Sap were taken from the base of the plant, 
rather than from plant portions normally attacked 
by young. borer: (1937, 1940, 1951) 
detected a slight degree of correlation between 
the sugar content of plant tissues and the acd 
quacy of such tissues as food for borer larvae 
Beck and Lilly (1949) observed that sugar 
supplementation of corn seedlings greatly im 
proved the survival and growth of newly hatched 
borers feeding on such plant They postulated 
that the unsupplemented young plants wer 
nutritionally deficient in sugar for the Europea 
corn borer 

Nutritional experiment Which  asepti 
purified dicts were employed under controlled 
laboratory condition have hown that borer 


larvae do not require dietar ugar during the 


early stadia for normal growth and development 
A nutritional requirement for sugar was di 
played by fifth (and possibly fourth) instar 
larvae (Beck 1956 d Plant resistance, however 


is manifested principally against the very ear! 


instars (Patch although one yrowth 
effects on later insta have been observed 
(Bottger 1937, Dicke and Guthrie 1955). The 
concept that plant upar level pla a role 


host plant resistance to the European corn bores 
was further weakened by the finding that host 
resistance 1s due, at least in pas growth 
nhibitors (Resistance Factors A and B) produced 
in the corn plant tissues (Beck ar 


The po ible lary al wet 
trophism in the adaption of the borer to the cor 
plant was discussed brief] t previ pay 


on 
a 
1 
47 
4 ‘ 
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| 
(Beck 1956 d). It was postulated that tissue RESULTS 
war cor wr aes Ver 
! iat mcentration rege erTve aS a token stim- In 1949 a series of experiments was run in 
ulus to: (1) maintain the larvae in th 
orerw e larvae in the mor which newly hatched borer larvae were maintained 
heltered”’ parts of the plant, and (2) orient th . 
the for 72 hours on corn seedlings, some of which 
rvac to tissues containing the high concentra- 
4 th were supplemented with glucose. The seedlings 
tir of ugar quires or jater growtn. (6 
tater growth. were identical as to size (6 inches) and hybrid 
Further investigation of the function of saccharo- 
: e (R4xHY). Larval growth was measured as larval 
trophism in the borer corn plant relationship: 
' weight at the end of the 72 hour experimental 
ind a search for a logical interpretation of the 
kell period. The results of these experiments dis- 
Ty. ugar supplementation experiments reporte 
reported 11 closed a positive correlation between larval 


949 led to ; } ti sider; 
gon 14 ed » a more detailed consideration of a growth and host tissue sugar content (fig. 1). 


] 
ossible relationship between plant sugar con- + 
| rm When unsupplemented plants of different ages and 
centration and host plant resistance. The results 
varieties were included in a single series of experi- 
of this study constitute the subject of this report. 
ments, however, larval growth was found to be 
poorly correlated with tissue sugar content. 


Varietal differences in larval growth were ob- 
served, but no significant differences in sugar 
rd content were detected among the varieties tested. 
The results were interpreted as indicating that 
6 an unknown “varietal factor’? was influencing 
the borer’s need for, or utilization of, sugar, and 
further work on the problem was postponed. 
5 
rABLE | 
or Dintarky GLUCOSE ON INHIBITION OF GROWTH 
OF BORER LARVAE FEEDING ON PURIFIED Diets 
O 4 CONTAINING RESISTANCE Factors A AND B 
; PERCENT INHIBITION OF LARVAL GROWTH 
4 GLucost CAUSED BY INDICATED PLANT CONCENTRATE 
3 
~ (mp /y 
diet) 
Crude Factor A Factor B 
Concentrate Concentrate | Concentrate 
R 70 75 0 85 3 80 6 
tandard : 
Characteristics 60.0 21.9 0 
¥=0.723 +1.503 X 
As a result of the more recent findings con- 
cerning nutrition and host plant relationships ot A 
the European corn borer, a different experimental 
0 2 3 4 5 approas h to the problem has been made possible. 


Relative Sugar Concentration An aqueous concentrate of whole 24-inch corn 
plants of the variety W210D was prepared by 
Kia. 1 The relations! Ip between host plant supa! the methods previou l\ des ribed (Bec k & 


the growth of newly hatched European Stauffer 1957). The crude concentrate was 
assayed for resistance factor activity. An amount mn 

of the concentrate, whi h under standard assay 
conditions caused about 75 percent inhibition of by 


The methods employed in this investigation borer growth, was added to purified assay media 
have been deseribed in previous publications. (Beck and Stauffer 1957) containing glucose at 
The aseptic method for rearing borer larvae was either 7 mg. per gram diet (the standard assay 


described by Beck and Stauffer (1950). The level) or 60 mg. per gram. Diets containing the ¥ 
t methods for preparation of Resistance Factor A two levels of glucose in the absence of the plant - 
| and B concentrates and the bioassay of such concentrates were used as controls for calculating a 
concentrates were presented by Beck and Stauffer growth inhibition. Results typical of this ty pe es 
(1957). Sugar supplementation of young corn of experiment are shown in Table I, column 1. 
er. plants was by the technique of Beck and Lilly The supplementary glucose markedly reduced 
ee). (1949), Sugar analyses were by the ceric sulfate the apparent resistance factor activity of the 
method of Hassid (1937) added corn plant concentrate. 
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1957 Beck: Tlost Plant Resistance 


The crude concentrate was then fractionated to 
produce concentrates of Resistance Factor <A 
(ether-soluble) and Resistance Factor B (ether- 
insoluble). Each of these two preparations was 
assayed for resistance factor activity. Amounts 
calculated to produce about 75 percent growth 
inhibition under standard assay conditions were 
used in experiments designed to determine the 
effect of additional dietary glucose on their 
biological activities. The results are shown in 
Table I, columns 2 and 8. In the presence of 
60 mg. of glucose per gram of diet, Resistance 
Factor A showed no inhibitory activity. The 
activity of Factor B was not significantly changed 
by supplementing the medium with sugar. About 
two-thirds of the resistance factor activity of the 
crude concentrate (Table I, column 1) was 
apparently attributable to Resistance Factor A, 
since about two-thirds of the activity was lost 
in the presence of glucose at 60 mg. per gram of 
diet. 

The effect of dietary glucose concentration on 
resistance Factor A activity was also tested at 
four different glucose levels in experiments 
employing a single concentration of pure, re- 
crystallized Resistance Factor A. Because onl) 
small amounts of this substance were available, 
these experiments were necessarily limited in 
number and in scope. The results (fig. 2) 
clearly show that the inhibitory activity of the 
chemical against growth of the European corn 
borer was in inverse proportionality to the 
glucose content of the dietary medium. This 
effect of glucose on the inhibitory action of 
Resistance Factor A was not observed when 
Penicillium chrysogenum was employed as the 
assay organism (method described by Beck and 
Stauffer 1957). It is apparent that Resistance 
Factor A is detoxified by the borer, and that 
glucose is involved in the detoxification. Analysis 
of growth records from borer larvae reared on 
diets containing Resistance Factor A showed that 
growth inhibition was greatest during the first 
larval stadium, and became progressively less 
as the larvae attained the later instars. The 
effect might be expected with a substance which 
is easily detoxified. 


DISCUSSION 


The finding that the toxic action of Resistance 
Factor A against newly hatched European corn 
borer larvae is dependent upon the sugar con 
centration of the dietary substrate tends to re- 
concile the apparently contradictory reports that 
(1) sugar supplementation of small corn plants 
improves their suitability as borer hosts (Beck 
and Lilly 1949); and (2) that newly hatched 
borer larvae show no nutritional requirement for 
sugar when laboratory reared on purified diets 
(Beck 1956 d). These results are also significant 
to the study of host plant resistance to the 
European corn borer, in that it is shown that the 
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plant tissue concentrations of sugars as we 
Resistance Factors A and B must be considered 
in attempting to account for the comparative 
resistance of corn plants of different ages, variet 
or environments. Emphasis must b 
the importance of measuring these con 
in those parts of the plant which are significant 
from the standpoint of borer establishment and 


feeding. Obviously, it is only within such borer 


raced 


significant tissues that sugar and resistance factor 


concentrations can influence the manifestation of 


resistance by the host plant. Environmental 
and physiological factors influencing the produ 
tion of resistance factors are still unknown, but 


many factors are known to affect the production 
and translocation of sugars within the plas 


Factors such as light, growth stage, climate, and 
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inhibition caused bb rect ta zed Re ce | 


soil nutrients may influence the manifestation of 
resistance through their effects on th 
metabolism of the host p! nt 
In view of the findings reported above, the 


accharotrophic response of the European 
borer larva appears to be a highly important 


pect of the insect adaptation to the orn plant 
‘ 
As pointed out previou accharotrophism n 
in conjunction with a negative phototaxis and 
positive thigmotaxis, be instrument not 
taining the larvae in the more sheltered port 
ol the ho t plant It ma also erve to or 
the young borers to the host tissues contai 
the concentratior war rec req to meet tl 
nutritional requirements during late lar 
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It seems likely, however, that the most important 
biological function of larval saccharotrophism 1: 
that it results in orienting the larvae to those host 
plant tissues which, by virtue of their higher 
ugar content, offer the greatest protection against 
the action of Resistance Factor A. Under such 
conditions, a saccharotrophi behavior charac- 
teristic would have a positive survival value, and 
it would play a highly significant role in the 
successful adaptation of the European corn 
borer to corn as its principal host plant. Accord- 
ing to the classification of types of host plant 


resistance suggested by Painter (1951), borer 


resistance in corn is an example of resistance 


through antibiosi in as far as resistance 1s 


dependent upon the 1LOx1¢ action of chemi al 
resistance factors. In discussing some of the 
theoretical aspects of the role of host plant 


resistance in the evolution of food habits, Dethier 
(1954) postulated that antibiosis might, under 


favorable conditions, form the basis for the 
establishment of new feeding habits, through the 
introduction of a selective factor. The develop- 
ment of the saccharotrophi behavior of the 
borer larva might well be attributable to such an 
evolutionar’ proces The native host plant ot 
the European corn borer was probably mullet 
(Caffrey & Worthley 1927), and it is not known 
whether millet contains chemical resistance fac- 
tors or whether borer’s saccharotrophism 
evolved as part of its adaptation to that plant 
rather than to corn 


SUMMARY 


| Investigation of the influence of host plant 
sugar concentration on the growth of newly 
hatched European corn borer larvae disclosed 
that larval growth was positively correlated with 
sugar content of the host tissues only when on 
corn plants of identical size and variety. The 
correlation tended to break down when plants 
of different sizes were considered. Although 
larval growth was different on different corn 
varieties, no consistent varietal differences in 
tissue sugar content were observed. 

24 When concentrates of Resistance Factors 
A and B were added to purified diets, it was 
found that the biological activity of Resistance 
Factor A inversel proportional to the 
sugar (glucose) content of the diet. The activity 
of Resistance Factor B was not affected by 
dietary sugar within the range of concentrations 
tested 

3. It is postulated that the major biological 
function of saccharotrophism in the borer is its 
survival value in the face of the Resistance 
Factor A produc ed by the host plant 
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THE “OOMNIVOROUS LEAF ROLLER,” PLATYNOTA STULTANA WLSHM.., 


ON COTTON IN CALIFORNIA: NOMENCLATURE, 
LIFE HISTORY, AND BIONOMICS'” 
(LEPIDOPTERA, TORTRICIDAE) 


E. L. ATKINS, JR.,3 M. H. FROST, JR 


The larvae of the tortricid moth Platynota 
stultana Wlshm. infested all the cotton fields 
inspected by the writers in Imperial County, 
California, during the growing season of 1954. 
It was estimated that approximately half of this 
acreage was economically damaged, some to the 
extent of nearly one fourth of production (Atkins 
et al. 1957). The damage is caused by the 
composite effect of the larvae feeding on the 
leaves, terminals, squares, and bolls (Atkins et al. 
1957). In addition, this pest damaged several 
thousand acres of seed alfalfa to the extent that 
it was necessary either to cut the alfalfa for hay 
or to abandon it. Infestations also occurred in 
smaller areas near Blythe, California, and Yuma, 
Arizona. Because of the rapid increase in the 
economic importan e of this insect on cotton and 
alfalfa, the bionomical information available is 
presented in this paper. The damage this insect 
causes and successful efforts in providing a 
chemical control program are reported in another 
paper (Atkins ef al. 1957). 

SYNONYMY 

The synonymy of the scientific designations of 
this species published previously is as follows 
(see Busk 1933): 

Platynota stultana Walsingham. 1884. Trans. Ent 
Soc. London (p 127) 


Platynota chiquitana Barnes & Busck. 1920. Contrib 
Nat. Hist. Lepidoptera N. A. 4: 213 


Platynota tinctana Woglum (not Walker 1920. Cali 
fornia Dept. Agric. Monthly Bull. 9: 341-3 

Sparganothis tinctana Essig (not Walker 1926 
Insects of Western North America (pp. 737-8 

The synonomy of the common names of the ‘‘omni 


orous leaf roller’ is as follow 

Orange Webworm—Woglum. 1920. California Dept 
Agric. Monthly Bull. 9: 341-3 

Platynota orangeworm—Basinger. 1924, California 
Citrograph. 9(11): 399, 429 

Orange Calyx Worm—Woglum. 1934. California 
Fruit Growers Exch. Bull. 11: 25 

Orange Platynota- Basinger & Boyce 1935. 
fornia Citrograph. 20(6): 178-9 


‘Paper No. 936, University of California Citru 
Experiment Station, Riverside, California. Accepted 
for publication Aug. 17, 1956 

*Presented in part at the Second Annual Meeting of 
the Entomological Society of America at Houstor 
Texas, December 6-9, 1054 

University of California Citrus Experiment Station, 
Riverside 

‘Formerly with the University of California Citru 
iment Station, Riverside; now with the Hercule 
der Company, Riverside, California 
‘University 
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crops (all known records from greenhouses; see microscope. Hatching of the egg masses and 
Compton 1941, 1943) adult mortality were likewise observed and 


MASSACHUSETTS— Suffolk County (Revere) 
rose (all known records from greenhouses; see 
Bourne 1936) 

MICHIGAN rose (apparently as a pest outdoor: 
on garden roses; see Wildon 1946) 


VIRGINIA Fairfax County (Alexandria): chrys- 


anthemum, fuschia (reared on), strawberr 
(reared on). (All known records from. green- 
house ce Nelson 1936.) 
WASHINGTON, I). C.—roses (in greenhouses). 
Mexico—-Baja, California (Ensenada and 
Mexicali), Sonora (Sonora), Sinaloa (Bamoa, 


Cuhacan, and Las Mochis) avocado, Bell pep- 
per, carnation, cherimoya, cotton, grapefruit, 
orange red pepper, rose, and tomato. 


EXPERIMENTAL TECHNIQUI 


Since the bionomics of this insect had not been 
thoroughly investigated in relation to the varying 
climatical conditions under which it is an economic 
pest in Calforma, the present research was 
undertaken to obtain life history information to 
be used as a foundation for efficacious field 
control recommendations. 

The stock population of the omnivorous leaf 
roller was kept in a greenhouse room held at a 
temperature of SO° F. and a relative humidity of 
70 percent. Experiments were run at 90° F. and 
70 percent relative humidity, at SO° F. and 70 
percent relative humidity, and at 70° F. and 70 
percent relative humidity. These temperatures 
were utilized because they approximated the 
average temperatures under which most economic 
infestation occurred in Imperial County, 
California 

Data on length of life cycle were obtained by 
confining egg masses in cages IS x IS x 30 inches 


in dimension These cages had wooden floors, 
celluloid type plastic sides and cloth-covered 
Lops Sufhicient numbers of potted cotton plants 


about 1S inches tall were placed in each cage to 
provide food for the duration of each experiment. 
The larvae were allowed to choose their feeding 
area and were undisturbed. When the adults 
began to emerge they were removed each morning, 


and sex and total numbers were recorded. Two 
cages were used simultaneously for each tem- 


perature, in greenhouse rooms operated at the 
desired temperature and relative humidity. 

Data on adult longevity and total egg produc- 
tion were obtained bi confining newl\ emerged 
pairs of adults from the stock cages in cotton- 
toppered glass vials 5 inches long and | inch in 
diameter Some of the pairs were fed a 50 per- 
cent honey-water solution on the cotton stopper; 
others were left unfed. Eggs masses were laid 
on the sides of the vials; each morning the newly 
laid masses were marked by a wax-pencil nota- 
tion on the outside of the vial, and the eggs in 
each mass were counted under a_ binocular 


recorded each morning. As soon as the first 
eggs hatched the adults in that vial were removed 
to a clean vial to prevent interference by the 
larvae. 

Larvae used for determining the length of the 
larval and pupal periods were reared individually 
in |x 5-inch glass vials. Sections of cotton 
leaves were used for food and were replaced as 
needed. The vials were closed with cotton 
stoppers. Observations were made twice daily. 


LIFE CYCLI 


Egg Stage: The eggs of the omnivorous leaf 
roller are almost always deposited between sun- 
set and sunrise, and usually during the few 
hours of twilight or dawn. They are deposited 
in clusters or masses, with the individual eggs 
overlapping each other like fish scales (fig. 1A). 
Commonly, all the eggs laid by the female adult 
in one night are deposited in one group; however, 
after about half of the total number of eggs have 
been deposited, two, three, or more smaller egg 
masses may be deposited. The egg cluster is 
covered, and the individual eggs are fastened to 
one another and to the surface on which they are 
laid, by the clear, cement-like secretion of the 
colleterial glands (Nelson 1936). On the cotton 
plant the egg masses are usually deposited on the 
upper surface of the newer leaves, but they are 
sometimes deposited on the lower surface of the 
leaves, or on the stem, or occasionally on the 
bolls. 

The individual eggs are depressed, with the 
dorsal aspect convex and elliptical in outline. 
The chorion is somewhat transparent and the 
external surface is etched, the outlines of the 
follicular eprhelial cells forming irregular hexa- 
gonal areas The egg contents are pale green, 
giving the egg mass a color similar to that of the 
host plant. Single eggs measure 0.9-1 mm. x 
0.6-0.7 mm. The embryonic development of the 
eggs can be readily observed. As the embryo 
develops, the coloration of the epg « luster becomes 
darker. Approximately 24 hours before hatching 
the young larva is clearly visible through the egg 
shell and is curved lengthwise in either direction 
(Nelson 1936). The eggs from a single egg mass 
hatch almost simultaneously and usually require 
a maximum of 15 minutes. Each larva chews 
an opening in the egg shell with its mandibles to 
consummate hatching. 

The duration of the egg incubation period 1S 
givenin Table I. It is apparent that temperature 
directly affects the length of this stage. Field 
observations from June through October in the 
Imperial County infestation area indicated that 
the incubation period was approximately 5 to 7 
days. These data agree favorably with the 
greenhouse data. The average daily temperature 
(degrees Fahrenheit) at El Centro in 1954 were 
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as follows: June, 83.8; July 93.2; August, 89.0; 
Sept mber, 86.5; and October, 76.4 (U.S. De pt 
of Commerce Weather Bureau 1954) 

One hundred hatched egg masses, representing 
9,731 eggs, were collected in cotton fields. Obser 
vations revealed that 85.8 percent of the larvae 
had gained emergence from the egg shell. Lab- 
oratory studies of 202 eg 


y masses, represe! ting 


ema, } 


Fic. Life-cycle stages of the omnivorous leaf roller 
Platynota stultana Wishm A) Typical egg mass (8 mm 
long) on upper surface of cotton leaf (B econd 
istar larva (7 mm. long), showing the black head and 
prothoracic shield. (C) Fifth-instar larva (14 mm 
long Note the median dorsal stripe—a clear are 
through which the dorsal blood vessel isible—the 


ro 


7,040 eggs, showed that 87.9 percent of the eg 
had hatched It was initially believed that the 
unhatched eggs in the field might be parasitized 
by an egg parasite such as Trichogramma; how 
ever, specimens submitted to specialists of the 
U.S. Department of Agriculture at Washington 
I). C., revealed that all of these embryonic larvae 
had reached maturity, but for some reason had 
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Larval Slage A OO) as a4 larva ha Mianipu 
ated its head through the egg shell, it begins to 
pin a network (“Jadder’’) of silken filaments o1 
the surface of the host plant to serve a i foot 
hold for its thoracic leg By this means the 
larva is able to free itself from the egg shell 
The silken ladder is constructed as the larva 
moves its head from side to side, touching it: 
pinnerets to the leaf surface at the greatest 
distance from center on either side and thu 


strands. The 


traction for the 


silke ladde rl 


] hook 


attaching the silken 
then used to provid 
as the larva move: host plant 

Except when disturbed, larva 
ladder and uses it for moving about on the plant 
Even when disturbed, the larva spins and attache 
a silken thread as it wriggles violently backward: 


( 
about on it 


each make a 


In those instances in which a larva retreats 
completely off the host plant it is still suspended 
by it ilken thread and prevents itself from 
falling farther by grasping the strand between 


TABLE I 
or TEMPERATURE ON DURATION OF EGG STAGE OI 
tHE OMNIVOROUS LEAR ROLLER ON COTTON PLANTS 
IN THE GREENHOUSI 


PEMPERATURI EGG INCUBATION 


Periop, Days 
1158 27 
191 
105 6.97 
200 6 SO 
70 Q7 
70 112 18 
Relative humidity, 70% 
ex its mandibles. The larva returns to the plant 
by grasping this thread alternately with its 
mandibles and its thoracic leg The larva must 
make a silken ladder on glass surfaces to enable 


it to climb at all. It is obvious from a study 
of the vesture of the leaves of many of its host 
(citru for « xample ) that the larva would 
be unable to move about on these surfaces 
without its silken ladder, neither the true 
ys nor the prok ys have adhesive 
then lip 


hatched 


soon as it 1 
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Since 
suction or 

proce 
The newls 

Lropl and as 
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larva is negatively 


free of the 
Is to the top ol the 
to the end of a branch or leaf From 
ition it may find a leaf or flower bud in 
to conceal itself and immediately begin 
the plant 


RCO 


egg shell 


this po 
whi h 


feeding, or it may travel about over 

Frequently a newly hatched larva will drop 
from its high perch on a plant on a silk strand 
and move onto a lowe! eal, or 1t ma be blown 


by the wind to anothe r plant close by or at sore 


roaminy 


distance away Considerable about 1s 
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a common habit for several hours after hatching. 
larvae are and 
apparently highly sensitive to being disturbed, 
it is obvious how such roaming, climbing, and 
dropping habits effectively disseminate the larvae 
form a single egg mass over a relatively large 
area. 

The larval habit of concealing itself by rolling 
a leaf in which to feed is also directly related to 
the ability to spin silk. Usually a larva is in the 
second instar, sometimes in the third instar, 
before it rolls a leaf. Until then it feeds on the 
bottom side of a leaf at the vein juncture, or 
between two touching leaves, or in a leaf or 
flower bud, or under the bracts of a cotton square 
or boll. When preparing to roll a leaf the larva 
positions itself on either the upper or the lower 
surface of a cotton leaf along a leaf vein or in a 
leaf fold. It then oscillates its head from side 
to side, attaching silken strands to the leaf 
surface in much the same way that it does when 
making the ladder. 

There are several important differences in the 
procedure, however, since the silken strands are 
now placed farther apart laterally and much more 
frequently, and this particular type of silk 
apparently shrinks upon drying. After a dozen 
or more strands are fastened across the depression, 
the leaf commences to fold: the larva then 
works even more energetically and attaches the 
strands closer together under the first bridge of 
strands. When this bridge has been 
completed the leaf is usually folded or rolled into 

vA, 14 inch in diameter and from 
1, to 2inches long. The larva finishes this rolling 
process in approximately 5 minutes, and is then 
prepared to rest or feed wholly concealed in its 
newly built ‘nest.’ Some larvae, if undisturbed, 
will complete larval development in a_ single 
such nest: others may build six, seven, or more 
nests. 
Newly hatched individuals average approxi- 
mately 1.5 mm, in length. In a group of 127 


Since the not gregarious are 


SCC ‘ond 


a tube about ly to 


fully grown larvae the length ranged from 10 
to 19 mm., with a means of 13.8 mm. or %e@ inch. 
This length is comparable to that of this species 
on citrus (Atkins 195la). 

First-instar larvae are vellowish white, with 


the head and prothorac ic shield light brown. 
During the remaining four instars the body is 
vellowish to brownish green, with a darker 


median dorsal stripe (see fig. 1C) running un- 
evenly for the full length of the body—a clear 
area through which the dorsal blood vessel 1s 
visible as a brown stripe. The pulsations of this 
vessel can be observed readily. The prominent 
tubercles bearing the primary setae are chalky 
white and slightly convex (see fig. IC). During 
the second and third instars the head and _ pro- 
thoracic shield are shiny black or brownish 
black (see fig. 1B). During the fourth instar the 
head may be shiny black or brownish black with 
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the shield brown, or both may be brown. During pupae vary considerably in size, with the femal 
the fifth instar the head and shield are usually averaging approximately 1.75 mm. longer thar 
both brownish (see fig. 1C). There is consider- the males. The maximum length of a group ot 


able color variation in all instars (Atkins 1951b 

The number of instars was determined by 
placing 100 newly hatched larvae on portions of 
cotton leaves in individual vials to observe ecdy- 
sis. Head capsule measurements were not made 
because of adequate studies made previously by 
Nelson (1936). According to his measurements, 
avcrage head capsule width for each instar wa: 
as follows: first instar, 0.2 mm.;: second instar, 
0.3 mm.; third instar, 0.45 mm.: fourth instar, 0.7 
mm.; and fifth instar, 1.01 mm. 

The duration in days, of each of the five larval 
instars, including the prepupal stage, is presented 
in Table Il. The prepupal stage of a group of 
22 larvae observed showed a maximum duratior 
of 17 hours, a minimum of 11.5 hours, with an 
average of 14.2 hours. The longest larval stage 
for any one larva in the group of 24 individuals 
observed (Table IIT) was 29.7 davs, and the 


TABLE II 


DURATION OF EACH OF THE Five LARVAL INSTARS OF 24 
OMNIVOROUS LEAF ROLLERS ON COTTON PLANTS IN THI 
GREENHOUSE (TEMPERATURE, 90° F.; RELATIVE 

Humipiry, 70%) 


DURATION, IN Days 


INSTAR 
Maximum Minimum Average 
First 4 2 3 
Second 5 2 3 
Third 6 2 3 
Fourth s 4 5.5 
Fifth* 7 3 


‘Including prepupal stage 


shortest was 16.5 days. From the minimum time 
column one might erroneously assume that a 
larva might complete larval development in 13 
days. Individual larvae vary greatly in the 
length of time required for any one of the instar 
Data summarizing the maximum, minimum 
and average developmental periods for the larval 
stage at greenhouse temperatures of 70°, SO°, and 
90° F. are presented in Table III. It can readil 
be seen that temperature has an important 
effect on the speed of development of the larvae. 
Pupal Stage: {t is assumed that the prepupal 
stadium begins immediately after the fifth-instar 
larva completes its thin cocoon. At this stage of 
development the larva is almost inactive. How 
ever, movement often occurs when the individual 
s disturbed. Within a short time the body of the 
arva shortens and becomes translucent, and the 
annulations become prominent in the thoraci 
region. At the time of the final molt the pupa 
is creamy white, but it gradually darkens through 
vellowish brown to dark brown (see fig. 1D). The 


} 


64 undifferentiated pupae was 9.8 mm., the mini 
mum was 4 mm., and the average 7.0 mm 

The duration of the pupal stage, in days, a 
temperatures of 70°, SO°, and 90° F. 1s shown 11 
Table III]. Temperature also has a very in 
portant effect on the rate of de velopment of thi 
stadium. 

Adult Stage Prior to adult emergence, the 
pupa wriggles head foremost approximately halt 
way out of its cocoon. Shortly afterwards the 
emerging adult splits open the anterior end of 
the pupal case to free itself. This 1s done b 
pulling with its legs and by pulsating the abdomet 
by alternately forcing body fluid into and out of 


it. Immediately upon extricating itself it run 
about until it finds a suitable location for expand 
ing its wings In the field this usually take 


place n the shade of a leaf, with the head in a 
vertical position. The wings are expanded in 
much the same manner as emergence is effected 
that is, the body fluid is foreed forward and 
backward within the body cavity, thus causing a 
pulsating pressure on the wings. The wings are 
then held together in a vertical position until 
dry. Most adult emerge during the earl 
morning hours, but a few emerge during th 
remainder of the da 

The female moth ts relativel mall (see liv Ik 
The head bears long, snoutlke labial palpi and 
antennae, which are half the length of the fore 
wings and are colored blackish gra The fore 
wings are dull chestnut brown basally and paler 
beyond the middle. A= faint oblique darker 
colored band extends outward from near the 
middle of the wing, and there is an obscure 
somewhat triangular costal mark of the same 


color Two narrow lines of blackish brown scale 
border the apical margin before the ellowisl 
brown cilia The costal fold extend onl i 


fourth of the length of the wing from the 1 
and 1 uffused with blackish red seal 
hind wings are dark gray tinged blackish 
abdomen is dark reddish black above and = yel 
low! h brown unde rneath The ley are bla K1 h 
brown The female moth liyvhtl 
than 14 inch long with folded wing The mal 
is similar to the female but 1s approximate 
threc fourth il large (see the basal 
halves of the forewings are somewhat darker ane 


the apical halve re omewhat lighter tha 1 
the female: the urface of the forewing ir 
roughened with tufts and ridges of coarse scale 
(Walsingham ISS4 & Buseck 1920 
Woglum 1920). Alar expanse of 27 femal 
ranged from 14.7 to 19.0 mm., with an average 
of 16.61 mm.; alar expanse of 46 males ranged 
fro. 10.5 to 13.2 I t} in average of 12.23 
mm 

The sexe ire read distinguished by the 
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form of the abdomen as viewed from below, male mate lived a slightly shorter time, approxi 

that of the female being larger and more turgid, mately 10 days 

and the lobes of the ovipositor showing plainly The 23 fed females in the greenhouse laid 7,040 

(Nelson 1936). eggs in 202 egg masse The number of egys pet 
Data in Table III summarize the length of each egg mass ranged from | to 226 with an average 

of the life-cycle stages of this insect at each of 34.8 egg per egg ma and an average ot 306 


temperature tested in the greenhouse. It should eggs per female. Another group of S unfed 
be noted that from 1 to 3 days should be added mated females laid 1,016 eggs in 11 egg masses 1 
to the number of days required for a female the greenhouss The numbers of eggs per egy 
to develop from an egg to an adult and again mass ranged from I] to 146, with an average of 
oviposit, to account for the mating and preovi- 92.4 eggs per egg mass and an average of only 127 
position interval following emergence (see Table eggs per female. These unfed females lived at 
V). It is apparent from these data that tem- average of only 5.1 days, and their male mat 

perature is an important and direct factor in the — lived 2.9 day: 

rapidity of development. The extreme differences In the cotton fields the first 800 unhatched egy 
between the maximum and minimum lengths of | masses collected contained 27,360 egg These 


the developmental period at any one temperature egg masses ranged from 19 to 500 eggs per clustet 
also demonstrate why the life cycles of these (usually 50 to 125) with an average of 
insects are usually not uniform in the field, and eggs per egg ma It might be assumed from 
how a more or less continuous population level these data that the adults in nature do not feed 


is maintained. These facts indicate some of the after emergence, since their performances 
difficulties confronting a successful chemical closely parallels that of the unfed adults in th 
contro! program (Atkins e/ al. 1957). greenhouse 

rABLE V 


OVIPOSITION AND LONGEVITY DATA OF 23 ADULT PAIRS OF ThE OMNIVOROUS Lear ON 
AND HONEY SOLUTION IN THE GREENHOUSE (TEMPERATURE, SOU I Recative Humipiry, 70% 


PRE Post LONGEVITY 
OVIPOSITION OVIPOSITION OVIPOSITION Kaa Massi IN Day 
PERIOD, PERIOD, PERIOD, Prr 
Days Days Days PEMALI PEMALI Female Mak 
Maximum 3 1] 20 15 23 
Minimum 3 | 115 6 
Average 1 96 6 52 2 04 7S 105 82 
Oviposition records were made of 23 fertilized PARASITES AND PREDATOR 
females which were fed a solution of honey and , | ’ ; ' 
Ihe primal hymenopterou parasite like 
water in the laboratory (Table IV). These 25 


during these tudi in the cotton fields of 
females laid a total of 7,040 eggs. Of thes ; 


eggs 4,540, or more than 64 percent, were de 
posited during the first four days of adult life, 


Imperial Count Cahtormnia, 1954, are as follow 


Bethylidae -Gontosus platynotae Ashm 


and 6,575, or more than 93 percent, were plat ‘ 
° 1 par ele 1) pro epinoliae 
posited in the first seven days. Most of the sith 
females began ovipositing on the third day, and Goniozus platynotae Ashi the me ot 
most of them depo ited more eggs on the first parasite la everal « yys On the integument of a 
day of their respective oviposition periods than half-grown to fully-grown larva of the omni 
on any one day thereafter. orous leaf roller. The parasites feed externall 
Data on the length of the preoviposition, ovi- for 43 to 4 days before constructing thin browns 
position, and postoviposition periods of the 28 9 cocoons in which pupation occur (Determina 
mated females are given in Table V, together tions were made by k. | kK rombein Thi 
with maximum, minimum, and average number pecies was also taken in 1950 from the ¢ 
of eggs and egg masses laid per female, and the orous leaf roller infesting Valencia orange t 
longevity, in days, of these females and their Calexico, Califorma. (Identified —b Py 
male mates. The average female mated and Timberlake.) <A fairly common secondary para 
began laying eggs on the third day after emer- site of G platynotae was Catolaccus aenoviridi 
gence; she deposited 306 eggs over a 6.5-day  (Gir.), of the family Pteromalidas (Deter 
period in approximately 9 masses; she lived for tion was made by B. 1D). Burl 
2 more da a total adult life of 10.5 da Her Cremastus playlnotae Cush., the second 
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common parasite, lays a single egg in each host 
larva. The fully-grown parasite larva emerge: 
to make a thick, blackish capsule-shaped cocoon 
vith a white band around the center, in which 
pupation occur (This species was determined 
by Luella M. Walkley.) 

1 panteles sp. was the least common parasite 
taken. A single egg is apparently laid in the 
host larva, and the parasite larva, after becoming 
almost fully grown, exits from its host and finishe 
feeding by sucking out the remaining bod) 
fluids before constructing a small white cocoon 
(This species was determined by C. F. W 
Muesebeck.) 

Infestations of Platynota stullana on orange: 
in 1933 at San Gabriel, Arlington, and Corona, 
Cahfornia, were reportedly parasitized — by 
1 panteles aristoleliae Vier., a parasite ol the 
common orange tortrix, Argyrolaenia cilrana 
(Fern.) (McGregor 1934). 

An infestation of Platynola stultana on green- 
house roses 11 1933-34 at Alexandria, Virginia, 
ielded three species of hymenopterous parasites 
Meteorus dimidiatus (Cress.), Angitia ferruginet pes 
(Ashm.), and Cremastus sp. near similis Cush 
(Nelson 1936) 

The predators found attacking the omnivorous 
leaf roller on cotton in 1954 represent the orders 
Hemiptera, Neuroptera, and Coleoptera and are 
as follows 

Reduviidae—Zelus renardiu Kol,, Zelus sozius Ahler 
and Sinea diadema 

Nabidae--Nabis ferus (Linn 

tristicolor White 

Chrysopidae— Chrysopa sp., probably californica Coq 

Melyridae (Malachiidae)—-Collops spp., margenellu 


Lec, most common 


The predator comple ee quite impressive, 
although some of the species are often not plentiful 
in any one cotton field at any one time, especially 
where frequent pesticide applications have been 
used, The minute pirate bug, Orius tristicolor 
White, seemed to be the most effective of the 
predators and was found feeding on eggs in the 
egg clusters as well as on larvae of all sizes, but 
CSpce lally of the smaller instar: 

Even though the parasite predator comple 
was extensive, in no cotton field examined wa 
the leaf roller population reduced more than 
approximately 10 percent by the accumulated 
compl x, and in most fields the amount of reduc- 
tion was of no consequence The population 
levels of leaf rollers averaged 450 to 600 per hour 
of searching, and the economic level apparently 
is ata point less than 100 larvae per hour. There- 
fore, it would be necessary for the parasites and 
predators to reduce the population by a minimum 
ol SO to SS percent im order to attain adequati 
control 


SUMMARY 


The larvae of a tortneid moth, Platynota 
stultana Wishm., was tound intesting 67,000 acre: 


of cotton in Imperial County, California, in 1954. 
Over half of this acreage was economically 
damaged to the extent of approximately one 
fourth of production. Several thousand acres 
of seed alfalfa were also injured. 

A comprehensive bionomical study is presented 
covering the temperature range under which this 
pest occurs on cotton. This study includes the 
biology and length of all of the life-cycle stages 
and explains the significance of these facts in the 
economics of the pest on cotton. The life-cycle 
studies were accomplished in a greenhouse under 
precise, controlled conditions of temperature and 
relative humidity. The synonymies of both 
scientific and common names are given. The 
authors suggest “omnivorous leaf roller’? as an 
appropriate common name for this insect, Plaly- 
nota stultana Wishm., and urge its adoption for 
future use. More than 40 host plants in six 
states and The District of Columbia in the 
United States and in four states in Mexico have 
been found to be infested by the larvae of this 
insect. Measurements of the maximum, mini- 
mum, and average sizes of all the stages en- 
countered are presented along with des« riptions 
of these stages. 

The extreme differences in the maximum and 
minimum lengths of the developmental period at 
any one temperature 1n the greenhouse demon- 
strate why the life cycles of these insects are 
usually not umiform in the field, and how a more 
or less continuous population level is maintained. 
These facts indicate some of the difficulties con- 
fronting a successful chemical control program. 

In the greenhouse the average female mated 
and began laying eggs on the third da after 
emergence. She deposited 306 eggs over a 
period of 6.5 days, in approximately 9 clusters 
and lived for 2 more days before succumbing—a 
total adult life of 10.5 days. Her male mate 
lived for about 10 days. Her eggs (at SO° F.) 
hatched in 6.9 days. The larval stage averaged 
25 days, and the pupal stage required 6.4 days 
before the adults emerged. After 2 more days 
these offspring began laying eggs, thus com- 
pleting one generation, egg to adult to egg again, 
in 38 days. The life cycle was directly related to 
temperature and was considerably longer at 70° 
F. than at 90° F. Differences and similarities 
between the life cycles in the field and in the 
greenhouse are pointed out. 

The four parasites and seven predators en- 
countered in the course of these studies were 
not of sufficient importance to effect practical 
nological control of the leaf roller. 
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DOLICHOCYBE KEIFERI, A NEW GENUS AND NEW SPECIES OF PYEMOTID 
MITE, WITH A DESCRIPTION OF A NEW SPECIES OF SITEROPTES 
(ACARINA: PYEMOTIDAE)' 


GERALD W 


Colles 


Oregon State 


In March of 1956, the author received from 
H. H. Keifer of the California State Department 
of Agriculture, several slides on which wer 
mounted two species of pyemotid mites, one from 
a cotton boll and the other from the maple, 
Acer palmatum. Both species were found to be 
previously undescribed, with one representing a 
new genus of the family Pyemotidae 

The female of the new genus 1s similar in 
respects to females of the genera Pyemole ‘ 
Siteroples, but may be separated from these two 
genera through the use of the following ke 
adapted from Jacot (1936). 


and 


ZY TO FEMALES OF THE MORE 
PYEMOTIDAE 


blunt point 


GENERIC K 
COMMON GENERA OF 


posteriorly to a 


I Idiosoma tapering 
gnathosoma circular in outline 
Pyemotes Amerling 1862 


Idiosoma truncate or angled behind; gnathosoma 
not circular in outline 2 
2. Tarsi | subequal to tibiae 1; dorsum of propodosoma 
with three pairs of setae 3 
Tarsi I more or le wollen, 1 I] longer t n 
tibiae I; dorsum of propodosoma with one to 
three p irs of setac j 
3. Tarsus | with one claw; gnathosoma somewhat 
longer than wide, elliptical in outline 
Siteroptes Amerling 
Tarsus | with two claws: gnathosoma narrow and 
elongate Dolichocybe n. yer 
$4. Dorsum of propodosoma with three pairs of setae 
Resinacarus \itzt! 1927 
Dorsum of propodosoma with only one or two p 
of setae Pymephorus Kramer 1877 


Aug. 18, 1956 


Accepted for publicatior 


KRANTZ 


, Orego 


Cor 


Dolichocybe 1). ven 
and clongated: 
egs | much heavier 


1 both male and femal 


Gnathosoma of femal 


idiosoma rounded posterior 


I], and IV in 


than le gs 


with two claws on tarsu | propodosoma of mal 
with four pairs of setae, and that of female with 
three 

The name Dolichocybe derived from th 
Greek word ho trill long i! kvhe 
meaning head 

Type of genu Dolichocybe ketferit 1 


Monot pi 


Dolichocybe keiferi 1. sp 


FEMALE (figs. 1& 2 \n opaque, clongated 
icarid, its widest point being between coxae IT] 
and IV Total bod length meclu "4 the 
yl ithosoma, averapge LOS Sp (sreatest ith 
average, 51.8 yu 

Dorsum (hig | (snathoso i mreat 
gated, averaging 25.5 pu r by ll wide 
palit Of microsetie ocated at the base of the 
palpi; a second 1 third pair of miecrosetac 
inserted on the iteral external pect of the 
palpi, equidistant tre its base d tip; chelicerac 
tylet-like, typ ithdrawn into the bod 
ithosoma Orr tricted poster te 
palpal insertions, but ed broadly to propodo 
oma Propodoso | y pp ) 
9 u wide at the p t of ertion of « e I] 
pre pseudo ct ted 
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traight line across the propodosoma just anterior 
to the p eudo tigmata; the pair of bristles ordi- 
arily referred to as the interpseudostigmatic 
etae inserted at a position far behind pseudo- 
tigmata external pre eudostigmats setac 
longer than internals, the former averaging 20 pu 
and the latter, 12.5y. Directly behind the 
external pre-pseudostigmatic setae are the hemi- 
pherical pseudostigmatic organs, each of which 
is held on a narrow pedicel inserted in an angular 
ensory pit; combined length of pseudostigmati: 
organ and pedicel approximating that of the 
internal pre-pseudostigmatic setae. “Interpseudo- 
tigmatics’ longer than the other propodosomal] 
setac, averaging in length; insertions of 
the latter on a level with coxae II. Elongated 


hig. Dolichocybe keitert, 1 yen., 1 sp Dorsal 
‘ of female Multiply scale by 1.59 
hia. 2. D. keifert. Ventral view of femal Multiply 


ile by 1.59 


hysterosoma averaging 107 long and 52 wide, 
the latter measurment made at the insertions of 
coxae II]; hysterosoma rounded at its posterior 
end: with five pairs of dorsal setae, and an addi 
tional two pai inserted at the postenor edge: 
covered by four distinct shields. Two pairs of 
etae inserted on the anterior shield, the internal 
pair (9 being shorter than the externals (15 
econd hysterosomal shield with one pair of setae 
(15m), the insertions of which are directly 
posterior to the internal setae of the anterior 
plate; second shield noticeably shorter than first 
and third shields, the latter shield having two 
pairs of setae of approximatel equal length 
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fourth shield covers the posterior end of thi 
hysterosoma and may appear to be shelf-like in 
lightly gravid females. Two pairs of seta 
inserted on posterior edge of the fourth shield; 
external pair quite long (103m average) and 
whip-like; internal pair short, averaging 9 mw in 
length. 

Venter (fig. 2). Gnathosoma with a pair ol 
ctae inserted basally on the palpi. Coxal plates 
of propodosoma large, covering most of ventral 
propodosomal area; coxal plates I with a single 
pair of short setae, inserted near the mid-line of 
the venter; coxal plate: II with three pairs of 
somewhat longer setae, the most external pair 
of which (32 w) exceeds the others in length (9 yu) 
Venter of hysterosoma with six pairs of setae, all 
of which are shorter than the dorsal hysterosomals. 
Hysterosomal shields I and II bordering coxal 
plates II] on the ventral aspect ; hysterosomal 
hield III bordering coxal plate IV; genital 
opening bordering the anterior edge of hysteroso- 
mal shield IV, which appears to continue un- 
broken around the venter. Anterior to genital 
opening is a ridged area which possibly allows for 
expansion of the hysterosoma when female be- 
comes gravid. Anal opening  slit-like, immed- 
lately posterior to genital opening and on a level 
with the insertions of posterior external setae. 

Legs (fig. 1). All tarsi with two well developed 
claws; all but tarsus I with median pulvillus; 
tarsi of legs II, III, and IV longer than tibiae. 
Leg I swollen, overall width averaging 1.4 that 
of legs II, III], and IV; tarsus I with two extra- 
long sensory setae, the shorter of which is inserted 
dorsally just below the claws; longer sensory seta 
inserted externally and laterally to the shorter 
of the two; two short setae inserted internally on 
the laterodistal aspect ol tarsus I, and a third 
seta, similar in length to the two short setae 
mentioned above, inserted externally on the 
dorsolateral aspect; a blunt sensory club located 
dorsally on the tarsus posterior to dorsal sensory 
seta. Tibia I with one unusually long sensor 
seta and three shorter setae, one of which 1s 
inserted ventrally. Genu I with a long dorsal 
seta and « shorter lateral bristle on the internal 
aspect of the segment. Femur I with a long 
dorsolateral seta inserted externally and a shorter 
ventral hair. Average length of leg I, excluding 
the coxal plate, 41.54. Tarsus II with one long 
sensory seta, inserted dorsally and proximally 
to the claws: three shorter setae also visible from 
dorsal aspect, two being inserted internally on 
the dorsolateral portion of the segment; the 
third seta located on external portion of the 
tarsus and inserted dorsolaterally; sensory club 
inserted laterally and internally on proximal 
portion of tarsus. Tarsus II over twice as long 
as tibia II, the latter bearing four setae; latero- 
external seta longer than other three setae, which 
are placed dorsally, laterointernally, and ven- 
trally. Genu II with only one short seta, inserted 


| 
| PRS 
\ \ 
/ \ 


157 | Krantz: Dolichocybe keiferi 
lateral] on the internal aspect of the segment. palpi Except 
Femur II with two s¢ tae, one located dorsally, setae on the \ 


the other inserted lateroventrally on the external 
portion. Average length of leg II, excluding 
coxal plate, 38.24. Tarsus III with four setae, 
the internal laterodistal being the longest. Setal 
arrangement on more proximal segments of leg 
III similar to that of leg Il. Average length of 
leg III, excluding coxal plate, 37.3 wu. Tarsus 
IV similar to tarsus III in chaetotaxy; proximal 
segments of leg IV similar to those of leg II 
Average length of leg IV, excluding coxal plates, 
36.5 

MALE (figs. 3 & 4) Morphologically distinct 
from female; total body length, including th 
gnathosoma, averaging 107 4; body not exces 
sively elongated, its widest point (average, 62.4 yu) 
being at the insertions of coxae IT]. 

Dorsum (fig. 3). Gnathosoma bulb-like and 
wider than long, averaging 8.7 w in length and 
104 in width; dorsal setal arrangement on 
gnathosoma similar to that of female; chelicerac 
indistinct; gnathosoma constricted at bases of 
palpi but joined broadly to  propodosoma 
Propodosoma averaging 29.8 4 long and 47 u 
wide at the points of insertion of coxae II; with 
four pairs of setae, the smallest of which are a 
pair of tiny bristles 4.3 in length, inserted 
directly behind the gnathosoma; second and third 
pairs ol propodosomal setae located posterior] 
and externally to the first pair and inserted in a 
nearly straight line across the anterior portion of 
the propodosoma ; second and third pairs avel 
aging 5.8 win length; fourth pair of propodosomal 
etae ¢ omparable to interpseudos tigmatic setae of 
the female and ave raging 21 win length, in erted 
on a level with the insertions of coxae II 
Hysterosoma averaging in length and 
lightly more than 704 in width at the points of 
insertion of coxae III, separated from propodo 


oma by a suture clearly marked by a constri 


tion: h terosoma covered dorsall\ b four 
distinct shields, the setal patterns of which are 
milar to those on female specimens; anterior 


hield with two pairs of setae and shield II with 


one pair, all of which are similar in length and 
placement to those on shield I and II of the 
female; two transversely elongated areas of 
unknown functior ing on either side of the 


midline between shields I and II; second shield 
considerab] horter than shields I and III 
third shield with two pairs of setae inserted 


transversely acro the dorsum, the external pair 


iveraging 12 4 and the internals 8.1 uw in length; 
fourth hysterosomal shield covering the posterior 
end of the hysterosoma and, as with certain of 
the females, sometimes appearing shelf-like; two 


pairs of setae inserted on lateral posterior edge of 


hield, the external pair averaging 8.1 w long and 
} 


the internals about 4 
Venter (fig. 4 Gnathosoma with a pair of 
hort (6p etae located proximally the 


gen 


on either sid 


those of the 


utoana 
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IMMATURE STAGES. Since D. keiferi is a 


] 
viparous form, no free larval or nymphal stage 
occur during its life eycle. Development of these 


tages takes place in the egg (not illustrated), with 
1 PTs vid female Piviny birth to fully deve loped 
adult The embryo is ovoid in shape, 
approaching the dimensions of 139 x 93 wu. Gravid 


examined rarely exceeded 


mature 


females on the slide 
twice ther normal length. 


TYPE SPECIMENS. Syntype 


females and 


mak On slide No 9115-2 deposited in 
the collection of the United State National 
Museum, Washington, D. C. Collecting data 


are a Redlands, California: Acer pal- 
matum; August 29, 1949; Collector Roy Camblin 
Slides numbered 49115-1, 4, and 5 will be placed 
in the following institutior California Depart 
Agriculture, Sacramento, California: 
Chicago Academy of Chicago, Hlinois; 
British Museum (Natural History), London, 
England 

YPE HOST leer palmaltum 

YPE LOCALITY. Redlands, California 

The ing excerpt from a letter received b 
the author from Mr. Keifer further describes the 
activity of Dolichocybe keifert on Acer palmatum: 
‘T noted that the limbs on the maple tree in 
which the mites occurred Ther 
fungus growth female: 


I 


ment ol 


W 


were ving 
were dy ny. 


The wolle 1) 


was some 
were wedged into crevices under the bark and at 
approximately the cambium.” 


Genus Siteroptes Amerling 


Bohm Ce Wi 
Pedu ulopsis 


Pedi 


Amerling 186] 5. G 
(Type: Acarus graminisugus Hardy 1851) 
Reuter 1907. Festschr. Palmen, 1: 7,3. (Type 
graminum Reuter 1900 


Siero ple 


culoides 


Siteroptes reniformis 1). sp 
FEMALE (figs. 7 & 8S) An opaque clongated 
form with a pronounced widening of the hystero 


oma at a le 
of coxae IT] 


gnatho oma, average, 


Total body 
248.3 


length, including the 
Greatest width, 
average, 77.0 

Dorsum (fig. 7) elliptical in 
somewhat longer than broad (18.4 x 
setae inserted one over the 
the more anterior being 


Gnathosoma 
shape, being 
15.6 ww); two pairs ol 
other on the dorsal side, 
slightly longer than the pair behind; two addi- 
tional pars of setae located on the laterodistal 
aspect of the palpi; chelicerae long, tviet like, 
withdrawn into the body in examined specimens; 
constricted at its juneture with 

Propodosoma averaging 62 w long 
and 60.5 4 wide at points of 
II; with three pairs of setae; two pairs of pre- 
setae of approximate ly the same 


gnathosoma 
propodosoma 
insertion Of coxae 
pseudo Ligmaty 
length (17 «) inserted toward the external aspect 
portion of the propodosoma; 
pseudostigmatt 


on the anterior 
hemispherical organs 


behind the most post nor of the above mentioned 


low ate d 
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setae; pseudostigmatic organs held on stalk-like 
pedicels which are inserted in angular sensory 
pits on the lateral edge of propodosoma; combined 
length of pseudostigmatic and pedical 
approximating that of the pre-pseudostigmatic 
setae; interpseudostigmatic setae inserted slight] 
behind and inside the pseudostigmal insertions, 
and averaging 29.8 u in length; insertions on a 
level with those of coxae II. Dorsally, respira- 
tory system easily discernible; a pair of tracheal 
tubes originating at the base of the gnathosoma 
terminating in two reniform organs of uncertain 
function, located between the insertions of the 
pscudostigmae. Hysterosoma 160 
in length and 95.5 yw at a point corresponding with 
the insertions of coxae III; truncate at posterior 
end; dorsum of hysterosoma with four pairs of 
setae, plus an additional two pairs inserted at the 
hysterosoma covered by four 
distinct shields. Two pairs of setae located on 
anterior shield, the internal pair (15 y) being 
shorter than the externals (21.5 uw); hysterosoma 
widened at posterior edge of shield I, narrowing 
sharply behind; second shield with a single pair 
of setae of the same length as the internal setae 
of the preceding shield; second shield as long, or 
longer, than anterior shield, and considerably 
longer than third shield, the latter of which bears 
a single pair of setae; setae on third shield some- 
what longer than those inserted on second sl ield: 
fourth shield covers posterior end of hysterosoma 
and bearing, on its posterior edge, two pairs of 
setae; internal pair quite short, averaging 7 u 
in length; externals averaging 39.5 wu. 

Venter (fig. 8). Gnathosoma with a pair of 
ventral setae located on the basal region of the 
palpi, and a second pair inserted on either half 
Coxal plate: of propodosoma 


organ 


averaging 


po sternior edge; 


of the hypostome. 
large, covering most of the ventral propodosomal 
area: coxal plate: I with two pairs of setae 1n- 
serted in a nearly straight line across the postenor 
aspect of the plates, and a single pair of microsetac 
located near the midline on the internal anterior 
angles; coxal plates II with two pairs of setae, the 
antenor to the externals: 


nternal pair inserted 
longer than externals, 


noticeably 
compared to 10m for the ex- 


setae 

as 
Venter of hysterosoma with six pairs of 
which are shorter than the dorsal 
microsetae inserted 


internal 
averaying 
ternals 
setae, most of 
hysterosomals; two pairs of 
at posterior end of hysterosoma on either side 
of anal opening visible on most specimens; a pair 
of ventral posterior setae inserted externally to 
microsetae and of a length comparable to that of 
the dorsal hysterosomal setae 

Legs (fig. 7). Tarsus I with a single claw; 
tarsi II, II], and IV with two claws and a median 
pulvillus; leg I slightly heavier than others. 
Tarsus I subequal to tibia I; with three setae 
inserted on mid-dorsal as pect, the basal seta being 
the shortest the distal sensory seta being 
the longest; one seta inst rted on the internal 


and 
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distal aspect of the segment, directly behind the 
insertion of the claw: four setae located on 
lateral external portion of tarsus, with two 
others inserted on the lateral internal portion; 
elongate sensory club inserted midway between 
claw and origin of tarsus on the lateral external 
portion of the segment; venter of tarsus I with 
three short setae arranged in a triangle. Tibia | 
with two fairly long dorsal setae, the more central 
one being the longest; one short seta inserted 
laterally and externally, with a sensory club 
placed distad to it, venter of tibia I with two 
setae, the more internal of which is the longer 
Genu I| with a pair ol dorsolateral and a pair ol 
ventrolateral setae on the internal portion, and a 
shorter pair on the lateroexternal aspect. Femur 
I with an unusually long seta inserted dorsally 
and a shorter seta placed dorsolaterally on the 
internal aspect; with a single short seta on the 
Jateroexternal portion of the segment and a 
short bristle on the venter. Trochanter I with a 
short ventral seta. Average length of leg I, 
excluding coxal plate, 66.4. Tarsus II with 
one long sensory seta inserted Corsolaterally on 
the external aspect ; flanked by two shorter 
lateral setae, the more distal being the longer of 
the two: with a short sensory club inserted 
basally on the dorsal internal portion of the 
segment; an additional seta inserted immediate] 
distad of the sensory club; two setae inserted on 
ventral side of tarsus II midway between claw 
and tibia. Three setae located on dorsal side of 
tibia II, one of which is inserted on the internal 
portion and another closer to the mid-dorsal 
area; a tiny muicroseta inserted posteriorly and 
laterally to the latter; two additional setae 
present with insertions on the ventral aspect of 
the segment. Genu II with a pair of closel 
applied laterointernal setae. Femur IT similar in 
setation to femur I, but with a shorter dorsa 
seta. Average length of leg II, excluding coxa 
plate, 60 uw. Except for an additional short seta 
in place of the sensory club, setation of tarsus IT] 
quite similar to that of tarsus II. Tibia and genu 
II] similar to tibia and genu [I]. Femur ITI 
without lateroexternal seta but similar, in other 
respects, to femur I. Length of leg III, ex 
cluding coxal plate, 62y. Tarsus IV with a 
long dorsal seta, flanked lateroexternally by a 
seta of similar length; with a short seta inserted 
basad to the dorsal seta; a pair of laterointernal 
setae located toward the distal end of tarsus IV, 
with a slightly longer seta inserted behind them 
Tibia [IV with a dorsal external and a dorsal 
internal seta, each paired ventrally. Genu IV 
with a single seta located on the laterointernal 
portion of the segment. Femur IV with a single 
seta on the lateroexternal aspect. Le ngth of leg 
IV, excluding the coxal plate, 78.5 yp. 

MALE (figs. 5 & 6). Morphologically distinct 
from female. Total body length, including th 
gnathosoma, average, 160 yu Widest area of 
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Dorsum (fig. 5 Gnatl 
antenor palpal che 
widened posterior base; base 


plate which termi 
palpal COXA and po 
soma: length of gnatl 
its width at wid 

dorsal setae, two pat 
the forward a pect 
setae with insertior 
palpi, and the other 


of the palpi. Anterior 


is a single pore-like oper 


aly 
y ‘ 
we po 
} 
{ | | 
4 
l4 
| | 
| 
\ 
ly 
of) 
\ 
¢ 
‘ \ | in 
\ 
hs 
ry 
/ 
ilerot rer ry” 
tem le Multip! 
hia. 
Multipl 1.65 
is unknown. A pair of 
inserted on the posterior pot 
oma; propodoson i lary 
hysterosoma averay 
wide between inserts 
antenor strip of propod 
covered b propodo 
with three pairs of setae, or 
inserted near the forward edg 
averages 8.3 4 in lengtl t} 
longer seta located bye 
the first pair, and, « { 
of setae of consideral rt] 
oma averaging 49.5 p 


ot i I] 
l 
ed 
rar | 
overed b media 
terior Wit! 
with the propor 
33.2 IS equa 
vith three pai 
ich are imserted 
thre hatter 
distal « | 
t the il port 
h « th itter pat 
e funet of whiel 
OA 
vy 
Py 
t 
i 
NAT KY 
4 
\4 
2) 
| 
Do 
vhat ore 
d wider tl 
uw long and 99.6 
w 1 
frequent 
tter nlat 
! } 
pau 
e of the p 
pall of 
d and externa ( 
these, a third 
($1.5 
} (op | 


| 
& bad 
at 
tenor! 
4 SOT 
pont; 
of wl 
x 
me of 
near th 
mated 
V 
Sy 
NY 
NA 
i 


mn: 


ih 


204 Annals Ientomological Society of America [Vol. 50 


hysterosomal plate covering only the median 
interno}. portior the h terosoma 1 Mat 
pecimet e fig. vith four pairs of setae 
three pairs of hich are located toward the 
rowed posterior area; most anterior pair 
veraging 9.5m in length, the most posterior 
averaging 6.0 yp median pair, which has its 
msertion omewhat external of those of the 
flanking setae ieraging 4y long. Anterior 


and shghtly external of this group, a fourth pai 


of setae with an average length of 44 uw; a pair 


of microsetae flanking two papilliform organs on 
the postenor end of the h 
Venter (fig. 6). Gnathosoma with a pair of 


tae inserted near the tips of the palpi; a 


terosoma 


pair of spiracular openings visible at the base of 
the hypostome Nine pairs of setae inserted on 
the ventral aspect of the idiosoma, most of which 
are of a length comparable to those on the venter 
of the female One pair of setae inserted latero 
medial] on coxal plate I: coxal plate I] with 
three pairs of setae, co al plate I and II widel 
m plate III and IV, the latter two 
of which are close] applied; coxal plate with 
two pairs of anterior] inserted setae, and 
coxal plate IV with three pairs, the most anterior 
pair of which 1s the longest 

Legs (fig. 5) Tarsi I] and IIIT with two claw 
nd a median pulvillus; tarsi | and IV with singh 
claw, the former with five setae; tarsus I with a 
fairly long mid-dorsal seta inserted externally t 
two smaller setae, the one nearest the mid 
dorsal seta being quite small; with a fourth seta 
iteral and basad of the claw, and a fifth seta 


erted ventral tarsal segment considerab] 
rower than more proximal segment Tibia 
I with three setac, two of which have ventral 
ertiol vith one seta located on the lateral 
terna pect ol thi eyment with a larg 
club inserted dorsal] ind omewhat 
i Csenu | it] Ore ventral ela 
Femur I with a single seta inserted on the lateral 
external portio \veraye length of leg | 
elud plate 56.5 Tarsus II itl 
eve etac, two of which have ventral insertion 
Lwe etae located latera and internall ind two 
etae imserted laterall ind externall 
th ad il seta inserted distad to the more 
OXI oof the iteral imternal etac; dorsal 
i er tl other tarsal Tibia I] 
) med entral and two lateral seta 
tii ter eta being longer than the extert il: 
imserted dorsally on the 
Gaenu I vith one ventral and Orne 
wera eta. the latter beimny the horter of the 
two, Th r I] with two setae, one of which 1 


inserted dorsolaterally, the other laterally. Tro- 
chanter II with a single lateroventral seta. Aver 
ape le ngth ol leg II, luding coxal plate , 68.5 

etal arrangement of tarsus III similar to that 


of tarsus II. Tibia III with five setae, the 
longest one of which is ventral in insertion; two 
etae inserted dorsally on the segment; with a 
lateral internal and a lateral external 
midway between base and apex, the internal being 
shorter than the external. Genu III with a 
ngle seta inserted on the lateral internal aspect. 
Three setae on femur III, the single dorsal bristle 
urpassing the lateral internal and the lateral 
external setae in length. Trochanter III with a 
lateral internal hair. Average length of leg ITI, 
excluding coxal plate, 65y. Tarsus IV with 
at least twelve setae; with three muid-dorsal 
traight line along the long 
axis of the egment, the one nearest the claw 
exceeding the others in length; with two short 
lateral setae lo ated on the lateral internal a pe es 
four setae with ventral insertions, the most 
distal of which 1s somewhat longer than the other 
Tibia [V with eight etac; with a long dorsal seta 
flanked on the external a pect by three hort 
hairs grouped around a lateral protuberance of 
the segment, and on the internal side by two 
additional setae; two setae inserted ventrally, one 
of which equals the dorsal seta in length. Genu 
IV with four setae, two being lateral internal and 
two lateral external in position. Femur IV with 
a very long dorsal seta and two short flanking 
lateral setae; with a ventral seta inserted toward 
the proximal portion of the segment. Trochanter 
IV with a lateral internal seta. Average length 
Ol le IV. CX luding coxal plate 
IMMATURE STAGES. As with the pre 
viously described species, S. reniformis is vivip 
arous and lack larval and mphal form 
The mature embr I] 


eta lo« ated 


setae in a nearl 


© (not illustrated) is 200 p 
long and 100m wide at its widest point No 
gravid females were available for examination 
TYPE SPECIMENS. Syntype females and 
male on hick No. SIKI-1 deposited in 
the collection of the United State National 
um, Washington, D. C. Collecting data 
are as follow Edison District, Kern County, 
near Bakersfie ld, California tron cotton boll 
ember 27, 1951; Collector Guy G Beevor 
YPE HOST. Cotton boll 
YPE LOCALITY. Edison district, California 


akersfield 


REFERENCES CITED 
Jacot, A. P. 1936. An undescribed pediculoidid mit 
from the southern Appalachiar Canadian Ent 
6S8(4): 82-85 


6 
eu: 
= 
i 
i 
\ 
Bit! 
je 


INTRODUCTION The purposes of 


structure of the labium and the hypophar 
the fourth instar larva of Culex molestus 
; more complicated than the comparable 


able deviation 


the taxonomic studies as well as the 
construction of diagnostic keys to the mosquito 
genera and species are mainly 
orphologi al characteristics of the 
segments, rather than on the 
head structure 
i-uniformity of the tet 
sclerites and the mouth 


larvae ot 
based on the 
abdominal 
characterist 


attention 


general, and the labium-hypopharynx complex in 
particular, with those ol the generalized msects 
attempts 

(ISS6) in hi 
of Culex and one 
by Raschke (1SS7) 


work on the larvae of two 
species of Anopheles, and 
on the larva of Culex nemorosus 
(Meigen), and by Nuttall and Shipley (1901) in 
the larva of Anopheles maculipennis 
Other workers have attempted thi 


their work o 
(Meigen). 

Same problem, 
atisfactor author in his paper on the 
larval instars of Anopheles 


quadrimaculatus (Say) has discussed, in general, of Science), for technic: 


re pondit part 


labium-hypophat 
of the mouth part: 


I no phele § 


quadrimaculalus 


interpretation 


LARVA OF CULEX MOLESTUS FORSK. 
(DIPTERA: CULICIDAE)' 
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of Alexandr 


paper were a follow 
out the morphologica 


as shown mn tne 
generalized insects. Consider- ho 
molestus to attempt to 
from the generalized type have 
tructure within thi 
; generalized insect to 


characterist1 figured 


clatorial standing, and 


poke terms officially used 
his 1: 


ha been paid in the 


Te nding structut 
of the mouth parts in 
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five or SIX generator 
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(1952), describing the labium 
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Melanoconion, merely followed distinguished pre 
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ept. 14, 1956 clerite (figs. | jo 


to arrive at some conclu 
able morphological terminology 


ferent parts of the labium 


habit of the larva unde: 
the new terms which h 


genera Ol the mosquito |: 


tigation; to dh 


ul 


oa eribe 


1} 


hypopharynx of a generalize 


d 


] 
hel 


ITIS¢ 


iotheral 


if possil 


abium an 


cl tou 


THE HOMOLOGY OF THE LABIUM-HYPOPHARYNX COMPLEX OF THE 


rie 


pl 


lon regarding an accep 


in differe 
ice Ol 
i\ ulabili 
material 
h a 


brought 
larva and pupas There 
vith 


\CKNOWLEDGMI 


NI 


dto Dr. | 


ible homologies of the mouth parts with — to. xpress my gratitude to [1 
generalized insect (Shalaby, in Head of the departs { 
throughout this worl 
parts of certain culicid LABLUM-HYPOPHLAL 
He proposed new terms for certain part 
Some of these terms may comp! 
the function of the cor entrad of the iguet 


ippli 
a] i 


nt speci 


Culex m 


aroul 
ha 
outhe 
laborat 
cre r 


bl 


/ 
Ole 


1 


— 
Faculty of Science, University of Egypt 
j of study reported here im thi 
rhe ( rl al por 
2 characteristics of the dit 
Forsk. th Lape larva ot Culea 
structures of the 
ia homologize the succesive 
occurred. comipi with tho ( ol 
relate the morphology i 
with the filtering feeding 
ave an pome 
i |) hi 
Va) 
i pa t to the homologi 
d th 
ast of 
; the red to 
atista ult 
= 
the po of. M. M. 
those o for faerity fered 
press). 
homolog LYNX COMPLI 
to sore ( ‘ 
The 0undancs of the mouth opening. is mot 
duction of 
the author 
obse 
homology of 11 
in his work 
the ( | 
cepl Ph 
‘Accepted | ed cep) 
205 


located dorsad of the fringed plate 
In a longitudinal section through the head of 
the fourth stage larva of Culex molestus (fig. 1) 


HP PGN pc 


LIST OF ABBREVIATION 
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udal spine 
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Mic. J Longitudinal section in the head of fourtl 
j Lip larva of Culex molestu howing the successive 
i rrangement of the labium-hypopharynx complex 
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of the previous sclerite It is narrow, slight] 
clerotized and lightly pigmented. The third 
tructure (fig. 1, Gl and fig. 3) is fringed, bi 
latera mmetrical and located dorsad of the 
narrow sclerite The fourth structure (fig. 1, 
PG! and fig. 4) 1s highl clerotized, heavil 
pigmented, bilateral] mmetrical, toothed and 
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the successive arrangement of the different parts 
of the labium is evident. It is of interest to 
notice the imaginal buds (fig. 1, 1B) of the labium, 
located at the base of the labial structures. <A 
little caudad of the imaginal buds, the salivary 
glands (fig. 1, SG) are obvious. The salivary 
duct (fig. 1, SD), after arising from the salivary 
gland, bends dorsad and then runs cephalad to 
open in a rather short slit (fig. 1, SS) at the dorso- 
cephalic region of the hypopharynx (figs. 1 and 
5, HP). The hypopharynx constitutes the spiny 
and sclerotized structures located dorsad of the 
toothed plate. Two spiny and sclerotized struc- 
tures (figs. | and 5, PGN) are attached ventrad 
of the hy pophary nx 


HOMOLOGY OF THE VARIOUS PARTS OF THI 
LABIUM-HYPOPHARYNX COMPLEX 


A few workers have attempted to homologize 
the various parts within this complex with those 
of the labium and the hypopharynx of generalized 
insects. Rather unsatisfactory conclusions were 
reached 


HOMOLOGY OF THE LABIUM 


Miall and Hammond (1900) described the 
labium in the larva of Chironomus as having lost 
so many of the original parts and as consisting of 
a single comb-like plate. Thi plate was called 
the “underlip’ by Meinert (1886) and the 
“mental plate’? by Thompson (1905) in their 
work on the mouth parts of the larva of Culex 
Felt (1904) working on a large number of North 
American Culicidae, figured this structure as the 
“labial plate’. Dyar and Knab (1912), in their 
work on the mouth parts of the larva of Culex, 
stated that the labium 1s composed of four 
successive structures, the first two plates of 
which are excrescences of the mentum. Salem 
(1931), working on the mouth parts of the 
fourth stage larva of Aedes (Stlegomyia) fasciata, 
has considered the toothed plate as homologous 
with the submentum. He stated that the de- 
termination of the homolog of the fringed plate 
would become very difficult. 

Cook (1944a), in his work on the mouth parts 
of certain culicid larvae, has studied in detail the 
homologies of the different parts of the labium- 
hy pophary nx complex. He referred to the sclerite 
that covers the mesocaudal region of the ventral 
aspect of the head as the ‘‘maxillary plate’. Hi 
evidence was the assumption that this sclerite 1 
formed by the maxillary segment which has 
expanded beyond its usual limits. The fringed 
plate was given the term “aulaeum”’, a new term 
which Cook had introduced. The same author 
homologized the toothed plate with the submen- 
tum and the spiny structures located immediatel) 
dorsad of it with the prementum; while the 
hypopharynx was considered to constitute the 
part dorsad of the salivary opening. Farnsworth 


\ 


1957 | Shalaby: Labium-Iypopharynx of Culex molestus Larva 267 
(1947) working on the mouth parts of the fourth — is clear also, that the imaginal buds of the labiur 
instar larva of Anopheles quadrimaculatus, has (fig. 1, IB) extend caudad from the bases of thi 
homologized the fringed plate with the mentum — successive plates of the labium until a_ short 
and the toothed plate with the prementum. distance cephalad of the occipital forame: It 
Foote (1952) merely followed the interpretations 1s therefore, uggested that a ubmentum 1 
and the terminology of Cook (1944a). probably the most accurate designation for thi 
The previous discussion shows a great vari- _ sclerite. 
ability in the terminology as well as in the Attached to the distal margin of the submentum 
homology concepts of the various parts of this is a rather narrow sclerite (fig. 2, MT), which ha 
complex. From a practical standpoint of ter- been overlooked by some of the worker Th 


minology, the author believes that the newly 
introduced terms should be disregarded. 

In the fourth stage larva of Culex molestus, the 
labium consists of four structures or sclerites, two 
of which cover the mid-ventral aspect of the 
head, while the remainder are located entad of 
the latter and of each other. The author believes 
that the homology of the mid-ventral sclerites 
with the maxillary plate (Cook, 1944a) is in- 
correct. According to Wheeler (1893), the rudi- 
ments of the second pair of maxillae on the sides 
of the body of the embryo give rise after hatching 
to the labium. It is believed that the median 
suture (fig. 2, MS) which runs along the mesal 
line of this mid-ventral sclerite is possibly due to 
an incomplete fusion of the rudiments of th 
second pair of maxillae in the embryonic state. 
In addition, Torre-Bueno (1950) in his glossary, 
defined the maxillary plate as the plate next 
posterior to the lorum and continuous dorsally 
with the cranial wall, besides being found only in 
Homoptera. Nevertheless, Cook (1944a) sup- 
ported his contention by stating that the sutures 
defining this sclerite laterally are the ‘“‘pre- 
maxillary sutures”. Evidence to support. thi: 
fact is lacking. 

In generalized insects, the labium is composed 
of a submentum, a mentum, a ligula and a pair 
of labial palpi. The ligula is a compound organ 
(Comstock 1949) which is deeply cleft in the 
case of the cockroach, giving rise to four lobes, 
the mesal pair be ing the glossae, while the lateral 
pair is the paraglossae. 

There is no trace of a pair of appendages cor 
responding to the labial palpi, in the labium of 
the mosquito larva, 

It is believed that the sclerite which covers the 
mesocaudal area of the ventral a pect of the 
head (figs. 1 and 2, SMT) is homologous with the 
submentum of the labium of the cockroach. Thi 
sclerite is bounded laterad by sutures which 
separate it from the lateral postgenae (fig. 2, PG) 
and has been referred to as the submental 
postgenal sutures (fig. 2, SPS). It 1s evident that 
the posterior tentorial pits (fig. 2, PT) are situated 
at the distal end of the proximal third of the 
submental-postgenal sutures. Supporting — the 
author’s contention, Snodgrass (1935) hi 
description of the submentum of a generalized 
insect, pointed out that its proximal angle: 
preserve the primitive close association of the 
labial base with the postenor tentorial pits It 


suture that separates it from the submentum 1 
distinct laterad but fades gradually till it becom«e 
obsolete mesad At first ight thi clerite 
would seem to be homologous with the mentut 


of the labium of the cockroach 


SMT 


MS 

Fic. 2.—The me tal of the aspect 
of the head sho the mentur 

On the other hand, the ental structures consist 


ol a fringed plate (fig. 1, Gl and fig. 3 ind a 
toothed plate (fig. 1, PGI] and fig. 4 vhich are 
remarkabl: i 
thor believes that t 


vith the hgula of the labium of VOCnerall ed insect 


Salem (1931) has referred to the fringed plate 
as the submentur Cook (19444) considered it 
a a econdar le clopment ind PuAVve it the 
term “‘aulaeum”, a Jatin word meaning curtan 
or canop The fact that this plate occur | 
the labia of the larvac of different genera and 
pec , thoug] rphologi i inable, exclude 
the concept Of it be Inv a econdat le clopme ! 


1 


It is believed that the fringed plate 1s homologou 
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of a yeneralized insect Because of the well 
pronounced bilateral symmetry exhibited in thi 
plate, it 1s suggested that the two side correspond 
to two glossae which have fused along the meson 
f 


horminy Ore plate 
The toothed plate ha been COTS dered as the 
ibmentun b (Cook (1944a) the larvae ol 


Theobaldia and Culex. In Anopheles mac uli pennis, 


he stated that it consists of two parts. The 
additional plate is located ventrad and is provided 
vith rather blunt projection The author be 
eves that the additional plate is analogous to 
the glossa of the species under investigation 


This morphological variation in the two analogous 
tructures would account for the difference in the 
feeding habits of the larvae of Culex and_ of 
phele Therefore, it is beheved that the 
toothed plate ] probab] homologou with the 
two paraglossae of the ligula in the labrum of 
Because of the stnking 
mmetry exhibited in this plate, it 1 
uggested that the two sides correspond to two 
paraglossac which have arisen on a more dorsal 
level than the glossa and have fused along the 


| 
ming one plate 


DESCRIPTIONS 

The submentum. The submentum (fig. 2, 
SMT) is shghtly sclerotized, shghtly pigmented 
and subquadrangular in shape It is separated 
2 PG) laterad by the 
Caudad 
of the submentum 1s located the occipital foramen 
(fig. 2, OF). The posterior tentorial pits (fig. 2 
PT) are situated on the distal end of the proximal 
third of the submental-postgenal sutures on both 
ile 

The mentum 
narrow sclerite It as le 
pigmented than the submentum. The cephaly 


from. the postyenie (fig 


ubmental-postgenal sutures (fig ors 


The mentum (fig. 2, MT) is a 
sclerotized and. les 
margin of the mentum 1s shghtly convex 


The glossa. The glossa (fig. 3) 1s semicircular 


in shape It is fringed along its convex cephali 
margin. The fringes consist of 46 to 4S pectinat 
hairs (fig. 3. PH), with 283 to 24 hairs on each 


ide of the meson. Arising from the mesal 
region of the cephalic margin is a relatively large 
triangular spine. Under higher magnifications 
each pectinate hair is stout proximad and slender 
distad. It 1 pectinate onl along it lateral 
margin, provided with very fine branches which 
are long proximad and shorten gradually distad 
The distal end of the pectinate hair 
into numerous fine hair It is noted that the 
tructure of the glossa is ; adapted for 
the filtering feeding habit of the larva of Culea 
moleslus 

The paraglossa. The 
subtriangular in shape, heavily 
heavily pigmented. It is armed laterally with 
23 teeth, 11 teeth on each side of a distocentral 
tooth The paraglossa manifests three degre 
of pigmentation The distolateral areas are thi 
most heavily pigmented and caudad of which 1 
a less pigmented area, while the most proximal 
area 1 high] pigt rented The paraglo a to 
gether with the mandibles form the main crushing 
apparatus in the head of the larva 


paraglo a (hig. | | 


clerotized and 


HOMOLOGY OF THI HYPOPHARYNS 


} 
Ossa ure located clerotized 


Dorsad of the parag] 
and rather complicated structure 
of which with the corresponding parts in gen 
eralized insects is rather difficult. Wesché (1910 


describing these structures in a larva of the genu 


the | 


Culex say “At its back are muscular and 
glandular (7) structures, and passing into it is the 
pharvnx. I shall content myself with figuring 
this part as I have found in one species”. It 1 
obvious that these structures are composed of 


two parts; a ventral part (figs. | and 5, PGN 
and the main dorsal part (hg l and 5, HP 
The dorsal part is distinguished by the occurrence 
of the salivary sht (fig. 1, SS) at its cephali 
region in which opens the salivary duct that 
leads to the outside by the salivary opening 
Cook (1944a) has considered the more ventral 
part as the prementum, while the hypophar 

constitutes the portion dorsad of the salivar 


a 
: 
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160.. hic. 4 The paraglo ia een tror the entral 
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opening. Farnsworth (1947) and Foote (1952 
followed Cook’s interpretations regarding the 
homology of the hypopharynx. 

The author believes that the structures located 


rsad of the paraglos a seem to constitute the 


(10) i 
pophar It is noticeable that the salivary 
duct (fig. |, SD) after arising from the salivar 


structure, bending dorsad and then running 
cephalad to open 1n the salivar' lit at the tip 
of the dorsocephali region of the h pophar' nx 
Snodgra (1935) has explained that the salivar 


ringe of Diptera and of Hemiptera is a deriva 
tive of the salivarium, though in these orders it 
has a terminal outlet duct which traverses the 
h popharynx and open on 1ts tip He also stated 
that the hypopharynx of the more generalized 
insects includes a pair of superlinguae which have 
united with the median part of the hypophatr nx or 
the lingua in order to form a definitive organ 
These superlinguae of some adult insects have a 
close resemblance to the paragnatha of certain 
Crustacea (Snodgrass, 1935). He added that 
when the paragnatha are united with the median 
lingua, the resulting structure 1s similar to t] 
insect hypopharynx 

Therefore, it is believed that the most ventral 
part of this structure 1s probably homologous with 


the paragnatha in the h pophatr nx of the more 


generalized insect lo support this contention, 
it was observed that it wa practical] IWMpo ible 
to dissect out the most ventral part of thi 


tructure without the inevitable destruction of 
the whol tructure. The dissection and the 
eparation of the ventral and the dorsal parts a 
one unit, however, 1s a rather casy procedure It 
seems that the hypopharynx would be vhe mo 
ound designation for the whole structure, with 


the two spiny most ventral parts constituting the 
paray ith 


DiSCRIPTION 


The hypopharynx.—The hypopharynx (fig. 5 


HP) 1s quadrangular in shape Its cephalolateral 
ends are connected with the cibarial bars (fig. 5 
CB), which are highly sclerotized, heavily pig 
mented and directed dorsolaterad. The dorso 
cephalic region of the hypopharynx is narrow 
lightly pigmented and provided with two lateral 
lobe-like structures (fig. 5, L The salivar 
opening (fig. 5, SO) is located at the mesocepha 
repo of the h pophar Ventrad nd 
tending caudad is a more sclerotized and pig 

ented quadrangular shaped area, which 1 
provided with two hypopharyngeal spines (fig. 5 
HPS These spines are pigmented, blunt and 
relativel hort 


The paragnatha The two paragnatha (fig. 


PGN are connected with the ocauda 
of the ventral surface of the hypopharyn The 

re high! clerotized, heavily pigmented and 
1 ed it} ) The para 


to 30 minute 
intermediate 


labium-h 


modified 


Prior to Cool} 


1957 Shalaby: Labium-Ilypopharynx of Culex molestus Larva 


pigmer 
united along the 


ICSOCE phali 


uler 


(1944a 


paragnatl u 


pigmented and oval i 


Intermediate 


i 
gnatha meet together at the para 
gnathus can be divided into a lateral region, a 
3 intermediate region and a mesal region Phe 
lateral region is the most heavily sclerotized and 
is armed with numerou pine Its latero 
© cephalic border is provided with 10 or 11 sharp! 
pointed lateral spin (fig. 5, LS) which are 
glands (hg. lL. SG traverse across the vhol variable in size In addition there are two row 
ot spine ,acepl the row and a caudal row Phe 
; cephalic row consists of nine to ten relativel 
- large pir While the caudal row consist of 25 
region of the | 
lightly sclerotized, lightly 
- hape It is provided with two pairs of rather 
hort movable pink (neg; MysS The mesa 
regions ar 
ee regions and art meson. Arising 
4 from the nM region of the paragnatha 
a 1 a relativel large mesal pine (hig. o MS 
50 
ce 
‘dk ha 
HP 
[ HPS 
| 
MS > PGN 
\62. 
urtiace 
vhich is heavily pigmented and somewhat 
ie pointed. There is a group of five to six caudal 
pire (hip ) arisitis thie mda 
} 
region of the paragnatha 
DiIsct LON 
The y popkirynx complex of the fourt] 
tage Jarva of CM molestus considerabl 
Phe complex is composed of successive 
a 1 
tructure vhich r remarkab vaniable 
morphological] 
a In tud ing the homologu ol the different 
part of the Jabium-h pophat comple thie 
A, author disagree vith the interpretation ind 
the terminology of Cook (19444 
sa paid to the homologies of the parts within thi 
complex [var ind Knab (1912 pointed out 
‘ee nn, that the labium, in a larva of a member of the 
genus Culex, is composed of four suece ( 
~ tructure the first two plates of which are 
- excrescences of the mentum, In simuliid larva 
3 Pun (1925) in his deseription of the labrum ha 
1 
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regarded that it les ventrad of the hypopharynx 
and forms the anterior and ventral borders of the 
alivary slit. Early workers like Meinert (1886), 
Raschke (1887), Wesché (1910) and others have 
deseribed and illustrated the structures within 
thi comple x, yet the homologies of these struc 
tures if attempted, are rather uncertain 

The sclerite which covers the mesocaudal area 
of the ventral aspect of the head is bounded 
laterad by longitudinal sutures, which are asso 
vated proximad with the posterior tentorial pit 
This fact indicates the homology of this sclerit 
with the submentum, a conclusion which 1: 
consistent with Snodgrass (1935). A small nar- 
row sclerite attached cephalad of the previous! 
mentioned sclerite would undoubtedly correspond 
to the mentum. As previously discussed, the 
fringed plate together with the toothed plat 
seem to be homologous with the ligula in the 
labium of the cockroach 

The bilateral symmetry exhibited in both the 
fringed and the toothed plate: has led to the 
finding that the fringed plate might be the result 
of the fusion of the two glossae of the ligula along 
the mesal line forming one plate; the toothed 
plate might be the result of the fusion of the two 
paraplossae of the ligula along the meson, forming 
Orne plate 

The influence of the larval feeding habits on 
the morphological characteristics of the fringed 
and the toothed plates 1s notice able In Anopheles 
quadrimaculatus, the plate corresponding to the 
fringed plate in Culex molestus is not fringed, and 
instead it is provided with eight blunt projection 
four on each side of the mesal line (Shalaby, in 
press). On the other hand, this particular plate 
is absent from the labium of the fourth stage 
larva of Psorophora ciliata Fab. (Shalaby, in 
pre ) This is beheved to be due to the surface 
feeding habit in the case of Anopheles, and to the 
predacious feeding habit in the case of P. ciliata 

The question of the homology of the structure 
dorsad of the toothed plate ma be resolved, 1 
part, by the consideration of the route of the 
alivary duct, which leads to the homology of thi 
whole structure with the hypopharynx. <As di 
cussed above, the two spiny structures which are 
connected ventrad of — the hypophary nx are 
probab] homologous with the paragnatha of the 
more generalized insect This is consistent with 
Snodgrass (1935) who discussed the phylogenetic 
derivation of the paragnatha in Crustacea and 
msect: 


SUMMARY 


A longitudinal section of the head of the fourth 
stage larva of Culex molestus Forsk. was prepared 
in order to determine the relation of the successive 
parts ol the labium-hypopharynx complex and 
to locate the position ol the salivary glands and 
the route of the salivary duct 


Homologies of the successive structures of the 
labium-hypopharynx complex, based on phylo- 
genetic derivations, were considered. For future 
taxonomic use and for nomenclatorial uniformity, 
recently introduced new terms were disregarded. 

The labium consists of four parts. The two 
clerites covering the mesocaudal area of the 
ventral aspect of the head are considered to be 
homologous with the submentum and the mentum 
of the labium of generalized insects. The fringed 
plate and the toothed plate are bilaterally sym- 
metrical. They are considered to be homologous 
with the ligula, the former being homologous with 
the glossa, while the latter is homologous with 
the paraglossa. 

The structures dorsad of the paraglossa are 
believed to be homologous with the hypopharynx. 

The two spiny structures connected ventrad 
of the h pophar\ nx are considered to be homolog- 
ous with the paragnatha of the more generalized 
msect: 
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NOTES ON THE ANATOMY OF RHYTIDOPONERA CONVEXA MAYR 
(“VIOLACEA” FOREL)' (Hymenoptera, Formicidae) 


ROY M. WHELDEN 


Union College, S« 


INTRODUCTION 


The ponerine ant genus Rhytidoponera is a very 
interesting one in a number of respects. It com 
prises a large series of described forms (and 
probably a number as yet undescribed) primarily 
of Australian and Papuasian habitat, but includ- 
ing species distributed as far to the east as New 
Caledonia and westward to the southern Philip- 
pines. Since the first description of the genus by 
Mayr (1862) its close affinities with the New 
World Ectatommini have been recognized 
indeed Mayr treated the group as a subgenus of 
Ectatomma. Like the members of that genus in 
the New World, Rhytidoponera is warm-temperate 
to tropical in its distribution, but within these 
limitations 1t occupies an exceedingly wide range 
of environments Arboreal species are to be 
found nesting in wet masses of epiphytic ferns a 
hundred feet from the ground in the rain forests 
of northern Queensland, while other species, 
superficially not dissimilar, are at home in. the 
deserts of Central Australia 

Over much of its Australian range, Rhytidopon 
era appears to have evolved toward two rather 
distinct adaptive peaks. The first is 
terized by large, somewhat slow moving species 
of the general habitus of Rhytidoponera punctata 
F. Smith, the second by much smaller forms 
generally like R. metallica F. Smith. When few 
species were known, this distinction seemed sharp 
enough to warrant the inclusion of the 
group in a distinct subgenus, Chalcoponera as was 
done by Emery (1897), Wheeler (1922), and 
Clark (1936). Brown (1953), however, ha 
challenged this separation, pointing out that a 
number of closely related species in eastern 
Australia, as well as in New Caledonia, show 
transitional features between the two main trend 
of adaption 

A particularly interesting feature of evolutios 
in Rhytidoponera has been the partial or complet 
loss, in many species, of the normal fertile female, 
and the usurping of the reproductive function b 
the monomorphic workers. The extent of thi 
evolution varies greatly in different speci 
In certain of the smaller forms, typical winged 
females occur in what appears to be 
frequency, foundation presumabl 
follows the independent course characteristic of 
very many of the probabl 
primitive in their social evolution. Elsewhere, 
however, as in the metallica compl winged 


( harac 


second 


normal 


and colon 


Ponerinae and 1 
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females are known but are extremely uncommot 
and dealate femal have rarely or never beet 


seen in mature coloni Finally, in the larges 


species of the “Rhytidoponera” habitus, normal 
females are typically unknown, and it would 
appear that, in such species, the “colony” ha 


now become a collection ot breeding vorker:s 
Males are abundant in all pecies 

It is clear that some species of Rhytidoponera 
represent an aberrant departure from the main 
line of social evolution in ants which took place im 
the Australian and Papuan regions, at least, 
rather early in the whol sequence, and which, 
moreover, affected a tribe of the Ponerinae whicl 
gives much evidence of having been quite cen 
trally on the “high road” of Myrmicine evolu 
tion. For these and other reasons, the genu 
appears particularly interesting, and it ha 
worthwhile to undertake a somewhat intensive 
series of biological and some general studies on i 
elected for this worl 


cemed 


Two Spec have been 

representative ot a dominant 
at each of the adaptive peal The first 1 
Rhytidoponera convexa Mayr (‘violacea’’ Fore! 
a large blue-black, semidesert ot metally 
coloration, wide-ranging in western Australia 
A single restricted population has been choser 
for investigation, located entirely within King 
Park, Perth, West Austraha. The 
is Rhytidoponera (Chalcoponera”’ 


mall, active, green-blue metallic insect, likewise 


and common forn 


econd pccle 


metallie a 


wide-ranging in Australia and particularly abun 
dant in the southeast. The population selected 
was situated entirely inside the National Parl 
NOS.W., all collections being made 
utherland, N.S.W. The 


entire! 


Sydney, 
within ten mile ol 
present study 1 anatomical and histo 
logical It is intended to establish a base-line 


for further work 


The present anatomical notes result from a 
tudy of 274 adult workers and 6 adult males of 
Rh vlido ponera convexada 
it Perth, West Australia, on Ma 


The general anator Ol all an 


taken from a single color 
1D, 1952 

ts may be con 
idered ftundamenta The excellent 
and detailed studies of Janet (1S9Sa, ISOSb, 18994 
IS99b, 1902, 1904, 1905, 1907) on the anatomy of 


the 


Myrmica rubra LL. furnish a type deseription 

which serve as a useful point of reference It 

has seemed most profitable to present the result 
l'o be discussed ( t paper 
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of the present studies by comparing them with 
Janet classic work. Particular emphasis 1 
given to intraspecific vaniations in the Rhyti 
doponera violacea population 


INTE GUMENT 


A preliminar examination of the collection 
howed considerable variation in integumental 
coloration from pale brown to black —function of 


maturity of the individual. It was found that 
the chitin wall of the light colored callow speci 
mens was much thinner than that of adult 

and that chitin thickness over a given part in 
general varied considerably among individual: 
The wall thickness also varies greatly in different 
areas of the body, being thickest (often very 
thick indeed) on the dorsal part of the head and 
thorax, thinning noticeably over the lateral areas, 
and becoming quite thin in the ventral region 
The wall of the gaster is very much thinner than 


that of the other two parts ol the body, and is 


progressively thinner from the first to the last 
segment. Measurements of chitin thickness were 
for the dorsal part ol the head 10 win a callow and 
from 22 to 40 y and rarely up to 64 w in darker 
individual for the dorsal wall of the thorax 
12 GS vw: and for the dorsal part ol the first gastri 
egyment GO p The chitin of each gastri 
ment decreases progressively from the anterior 
non to the posterior, Thus in one series of 
measurements of the second gastric segment the 
anterior region was 29 pw, the middle 16 yu and the 
posterior region 6 in thickne: Each sucee 
ive gastric segment has a thinner chitin wall than 
that of the preceding, comparable dimensions 
from front to rear being from 16-6 m4. The very 
uneven nature of the chitin surface makes it 
impossible to obtain very great accuracy in these 
measurement 

In many specimens, the chitin wall was seen to 
be formed of very distinct layer: The lowest 
number found was & (in callow specimens) and 
it increased to 60 or more in older individuals 
Pld, fig. 1). The number of layers was about 
the same over the whole body surface 

Many hairs or bristles occur over the surface 


of the bod These are ver large and notice 
able in many areas, but in others the are ver’ 
munute, oft bemg only 8-Gm in length and 


extreme] deheate Even in the most minute 
examined, each hair subtended a canal through 


the chitin wall, into which a slender nerve fibre 


Completely hidden under the overlapping po 
terior margin of the integument of the first gastric 
egment is a clearly defined stridulatory area 
It oceur in the mid-dorsal region ol the broad 
band of chitin that 1 present, anterior to the 
broad groove in the second gastric segment, just 
under the posterior edge of the first one (Pl. I, 
lig. 2 When uncovered, this area 1s easily seen 


with a hand ler Commonly, 1t 1s more or | 
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circular in outline; less frequently, rather broad]; 
oval, with the broader part towards the rear: 
and occasionally, triangular or even quite irregular 
(Pl. I, fig. 4.). In general, the margin is very 
sharp, the fine regular ridges of the stridulatory 
area giving way abruptly to the heavier, wider, 
and more irregular ridges of the surrounding 
integument. But in many specimens, the area 
is surrounded by a zone of ridges of intermediate 
coarseness 

Within the stridulatory area, the ridges are 
usually remarkably umiformly spaced and very 
straight, the number being sometimes as high as 
150. Individuals do occur, however, in which 
there is noticeable variation in the spacing of the 
ridges. Forkings and fusings of ridges are occa- 
sionally seen, and in a few specimens these were 
so numerous as to form a uniformly reticulate 
surface, with transverse elongate meshes (PI. I, 
fig. 4a.). The total dimensions of the stridulatory 
area range from 140-3004 by 130-310 yu. The 
number of ridges varies from 6-7.5 striae per 10 
A similar stridulatory area is present in the male 
It is somewhat smaller and shows the same 
Vaniations 


MUSCLES 


The muscles of Rhytidoponera differ from those 
of other ants principally in size and in the extent 
of the area from which they originate. In callow 
individuals, the muscles of the head are composed 
of slender fibres quite remote from each other, the 
region surrounding the fibres being filled with 
body fluid, in which very rarely a fat-cell may 
occur (Pl. I, fig. 6.). Each fibre is formed of 
four to six parts, surrounding a central row of 
small ellipsoidal nuclei. In older specimens, the 
same muscles become massive, the many fibres 
being closely aggregated and all trace of nuclei 
being lost (Pi... I, fig. 6a) Two exceeding] 
slender muscles take their origin from the lateral] 
area of the rather deep invagination of the 
chitin ring surrounding the neck of the occiput 
They Pass forward parallel to the oesophagus, One 
on either side, to their insertion on the lateral area 
of the pharynx near its origin. Each of thes 
muscles comprises only six to eight fibres 


NERVOUS SYSTEM 


The nervous system in Rhytidoponera is very 
similar to that described for other ants Certain 
observations on the brain seem worthy of note 
First, there is a difference in size between the 
brains of callow specimens and those of older 
individuals. The most accurately measured di- 
mension is the breadth. In callows it 1s about 
SOO uw, in older individuals, 900-950 one 
exceptional individual it was just over 1000 yu) 
The breadth of the brain in the male is about 
O90 The depth (or thickness) 1s less easily 
measured because a slight change in the angle of 


ectioning changes the apparent depth consider- 
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abl Best measurements give the following 
HO HAO older ants 670 700 
mal p The 
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figure callow 

penduculate bodies are a 

eature of the brain in both mal 

nd female In the latter, each measures 17-19 p 
in the male 14-l5 yp 

It is noteworth that the cortical cells of the 

brain (including the suboesophagal ganglion) are 


abundant in callow and becom«e 


noticeably fewer in older specimen In a fe 
thought to be \ 
completely lacking over considerable 
areas of the brain. While the greatest number 


of the cortical cells are uniformly small, measuring 


7 
ry old, cortical cel] 


diameter, conspicuously large cells occur 
numerous in the 
Their nuclet 
From each a large 


paring] These are most 
mid-dorsal and mid-ventral region 
11 win diameter 
fibrous cord extends inward, and may occasional 
be traced a considerable distance before it los 
its identity in the general medullary ms This 
is also true of the large cells which occur in the 


and gastric ganglia (Pl. II, fig 


Mmcasure 


everal thoraci 


a and b.) 


ALIMENTARY CANAI 


The general structure of the alimentary canal 
is similar to that of Myrmica rubra. In finer 
appear 

The intrabuceal pocket varies greatly siz 
and shape, changes which presumabl 
different times in the life of the same individual 
In its fully expanded condition, it is roughlh 
phenecal with flattened anterior opening 
Contracted, 1t1s a much maller organ Decrease 
in size results from the creasing of the dorsal 
urface into characteristic folds which in tran 


details, however, interesting difference 


at 


erse) section form three narrow ridge At 
maximum folding, the lumen of the pocket ra 
be reduced to le than an eighth of its volume 


when fully expanded 

The inner surface of the wall of the pocket 
striking structural zoning. Around 
the opening into the pocket, and forming a narrow 
band, the urface is raised into close-set, small 
hemi phernical to conical elevation from the 
of which minute bristles project Nearest the 
opening, each mound is low and bears several 


hows very 


bristles in a transverse row, the central one being 
largest Phe number of bristles per mound 
decrease from seven to five to three and finally 
to one in passing nward trom. the cdg of the 
height of the 
to reach a maximum when a 


opening to the por ket and the 
mound mcreas 
ingle relatively long bristle 1: present (pl « 


lige 0, a.) There is a progressive decreas 
in the size of the mound and in the length of the 
bristle until bristles are finally 

tions without bristles continue for a short distance, 
becoming smaller and more widely spaced until 
finally quite smooth. This 
narrow. The remaining wall, that 


wanting; eleva 


the wall is smooth 
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of the pocket proper, presents an inner surface 
of low flat rather regularly hexagonal areas 
separated by shallow troughs (PI. I, figs. 3, 3a 
The layer covering the outer surface of the 
pocket is regularly one cell in thickness; no nerve 
terminations could be demonstrated in it 

The contents of the pocket varied greatly in 
amount and composition. They were common) 
rather loose masses of accumulated debris—bits 
of insect prey, including portions of antennae, 
joints of legs or parts thereof and fragments of 
body chitin with attached muscles; small bits of 
vegetable matter, espec pleces of rotted wood 
in which fungus mycelium was often present. In 
several specimens, this mycellium showed very 
clear clamp-connections. Spores of several kinds 
were frequently found, the commonest being 3- 
Pollen grains were 
Fine bits of silicious 


to 5-celled fungus spores 
noted in some individual: 
matter were often present 

Occasionally an individual was found in which 
the contents of the infrabuccal pocket were com- 
pacted into a small nearly spherical mass which 
was never more than half the size of the pocket 
Presumably these were pellets ready for ejection 
Normally only one such pellet occurred, but in 
two cases there were two pellets in a_ single 
pocket; in one of these individuals, the pellets 
were approximately equal in size, in the other, 
very unequal n nearly all individuals with 
compacted pellet formed in the por ket, con- 
iderable quantities of loose material were also 
present 

The buccal tube and pharynx are considered 
together, being scarcely separable by any dis- 
tinctive feature. At the orifice, the dorsal region 
is covered by a dense area of rather coarse hairs, 
while on the Oppo ite (ventral) side, there are 
short but equally close-set bristles. Gradually 
the dorsal hairs become shorter, finer and more 
videly separated but are still sharply pointed 
forward, while on the ventral surface the sharp 
bristles persist for some distance pos 
teriorly. There is then a region in which no 
hairs occur dorsally, low rounded granules 
replacing them, while ventrally the bristles 
become smaller and smaller, until they cease, 
being replaced by low transverse ridges, opposing 
which there is a smooth dorsal surtace At this 
region, approximately where the ducts of the 
post-pharyngeal glands open, the oesophagus may 
be said to begin. The wall is now quite smooth 
and continues so throughout the entire length of 
this part of the system. Through the thorax, 
the oesophagus varies noticeably in diameter, in 
many specimens being a narrow tube very much 
wrinkled longitudinally, while in others it 1s 
greatly enlarged. The two muscle layers of the 
oesophagus wall are very thin 

The chitin intima of the infrabuccal pocket is 
quite thick, approaching 1.5 wu in some specimens 
in the pharynx, this lining is much thinner, but 
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Fic. 1. Maxillary gland, with transverse section of 
buccal tube, above the paired glands and two fat-cell 
between them, and details of the gland cells; one wit! 
its duct being from margin of gland 

Fic. 2: a, Detail of cells from cortex of central 
portion of the brain; b, detail of cells from cortex of 
entral portion of the middle thoracic gar 
large cells and their connections with 
tissue 


Fic. 3. Mandibular gland, with details of transverse 
and longitudinal sections of cells, and of the apical part 
of several cells and their short duct 

Fic. 4. Metasternal gland, with details of cells and 
their ducts from (a) an old ant, and (b) a callow 

Fic. 5. Salivary gland. 5a, Detail of duct at place 
of opening; 5b, detail of duct, in head; 5c, transverse and 
longitudinal sections of one of the secretory branches of 
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readi while tne oF | 5D It 1 po ble t truct 
become CT thi erie cl these yroup ranye from 
CTOp how yre 1 iT il i! hap d i ircel notice ible t} roug! larger 
Ze a COl plete COMAp ed ratner h Orie 10 a OCCASIO ul « h the 
of intricately wrinkled tissue to a somewhat = obviou nearly mature uch replacement must 
thicl hicld-shaped body pressed against the be a gradual process, though it 1s probably com 
iiterior dorsa irface of the stomach and cor pleted fairly rapid] One very clear cut exampl 
forming to the shape of the dorsal chitin of the of nuclear division was observed in one of thes 
first gastric segment on its outer surface About groups of cells, the spindle of the dividing nucleu 
one-half (4807,,) of the specime howed a crop harply defined and the small chromosomes 11 
completely or nearly completely distended. Ina metaphase (PI. 1, fig. 5b 
omewhat smaller number (40%), the crop wa There are twelve Malpighian tubul While 
entirely empty, the walls being crumpled to- of constant diameter in any one individual, in the 
rether t tight mass and the lumen almost iriou orkers examined, these varied in diam 
obliterated In the remainder of the unpli eter from 30-45 pw. In the males, they measured 
thy Crop Wa partiall filled 2s) OO diameter callow pecimen and 


Phe wall of the crop 1s very thin, and has or 
t few small discoid nucler. The chitin intima 
lining this wall must be extremel firy 11 
could not be clearly demonstrated. Nor wa 
there any clearly defined muscular layer sur 


rounding this organ 


The proventriculus in Rhytidoponera is short 


rather featurel tructure (Pl. I, fig. 7 The 
outermost layer comprises a thick mass of muscle 
tissue with fibres encircling the much thinner 
layer of longitudinal muscle fibres within. Thes 
longitudinal fibres extend beyond the circular 
ones at the posterior end, and flare out cor 
iderably there (PI. I, fig. 7a The inner portion 


of the proventriculus is lined with a uniform] 
thick layer of chitin which was very trregularl| 
folded and wrinkled in all specimens examined 
Whether this was a natural condition, or resulted 
from the action of the fixative could not be 
determined,  Postenorly, this chitin layer extend 
beyond the other tissues, reaching deep into the 
contents of the tomach transverse ection 
of the proventriculus generally shows the chitin 
as an irregularly }-radiate pattern (PI I, hip 

Si) But man specimens can scarce] 
ud to show any regularity, so unevenly 1s. the 
chitin contorted, while rarely a specimen show 
a very clear tri-radiate chitin lining 

The remaining parts of the alimentary canal 
the stomach, intestine and rectum characteristu 
ally contain an abundance of brown, structurel 
material A small number of individuals con 
tained conspicuous pheroidal object 
cattered in the brown substance. Comparison 
upyest that these objects are nucle: thrown off 
from stomach-wall cells and partially disintegrated 
Further evidence suggesting the occurrence © 
uch sloughing was presented by occasional 
which the inner surfaces of the 
were inflated to look very much 


individuals 1 
large wall cc 
like tenuous bubbles (Pl. I, fig. 5d.); some of 
these cells seem to be compl tely free of the wall 
surface. Still another fact indicating occasional 
rm place ment of the wall cells 1s the rather Irequent 


n 
Ils 


occurrence of groups of three to five small cells, 
between the large wall-cells, in some individuals 


also in those considered old, the nucle: of the 
tubules were often quite irregular in shape 
(Pl. TI, fig. 3.); in other individuals, they wer 
nearly spherical and 7-9 w in diameter 


The intestine and rectum, lke the stomach 
contain the same brown, structureless substance 
Only eight individuals showed completely empt 
rectums, collapsed to slender tubes with much 
wrinkled wall The most notable feature of th 
rectum 1s the six large rectal papillae, occurring 
in three pairs, two of these being on the lateral 
walls, one in advance of the other One member 
of the remaining pair occurs on the dorsal and 
the other on the ventral surface, usually more ot 
less between the lateral pair The inner surface 


of each papilla is ornamented by a reticulum ot 


coarse, rather prominent ridge 
GLANDS 
Mandibular gland (P\. 11, fig. 3 The secretor 


part of this gland is a small hemispherical ma 

of 14 to 20 cells, located near the anterior margi1 

ot the opti lobe of the brain, well awa from the 

lateral wall of the head The cells in thi portion 

are columnar and up to 90m in height in th 
| 


central portion of the gland. Each cell contai 
a single rather large nucleus, usually in the basal 
halt The « topla m 1s quite homogenou witl 
no vacuole the nucleoplasm includes mar 
mall irregular granules and one or rarely two ver 
mall nucleoh. The dimensions of this portion 
of the ind var from 70-90 LOO 140 
the workers; in one male, the gland measured 
140 

From the apical urface of eacl of thes 
glandular cells, a slender duct arise The several 


ducts form a rather loose strand which may bi 


very short and quite straight, but more frequent! 
turns over the surface of the secretory cells to a 
point near the edge of the ma In either « ( 
the ducts open separately through the wall of a 
rather clongate pouch which extends anterior] 
into the base of the mandible, where it ends in a 
mall lit-like opening W the chiti wall The 
wall of this pouch 1s thi ind very irregular 
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Anatomy of Rhytidoponera convexa 


Roy M. Whelden 


Fic. | Reproductive system, longitudinal 
howing uterus, spermatheca containing mass of 
perm ithecal gland, vagina and chitin wall la 


perm 
Detail 


of thin portion of wall of perma thee i; Ib, detail of 
thick portion of wall of spermatheca; Ic, detail of cer 
tral portion of chitin barrier back of reproductive tem, 
longitudinal section; Id, detail of lower portion of same 
barrier; le, detail of spines on surface of barrier, surface 
iew; If, transverse section of ayina (va), barrier ] 
and poison glands (gl' and gl*); ly, longitudinal section 
of spermathecal duct, with small group of sperm it 
lumen; th, longitudinal and transverse sections of 
permathecal gland; li, section of dorsal wall of uteru 
of old ant, showing large abnormal nucleus in one of 
the cell 
Fic. 2 Post-p I xe il pl d, frontal sectio I} 
figure is drawn to a scale about one-third that of the 


200 scale 2 I 
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Mavxillary gland. (P\. II, fig. 1.). This very 
prominent pair of glands lies over the dorsal and 
lateral surfaces of the infrabuccal pocket, extend- 
ing laterally well away from that body. Each 
le cell in thickness, though occa- 
ional cells overlap adjoining ones, The cells are 
quite large, measuring 22-54 win diameter. Each 
spheroidal but may be much 
Near 


is more or le: 
flattened by pressure from adjoining cell 
the margin of the gland, the cells may be quite 
clongate, greatly exceeding in length the dimen 
sions given above The single nucleus of each 
cell is moderately large, spherical or somewhat 
irregular, The nucleoplasm includes many large 
chromatin granules but no distinguishable nucle 
olu The cytoplasm is vacuolate, especially 
towards the cel] center, and peripherally contain 
many clongate or irregular masses staining dark 
with haematoxylin 

Kach cell has a single very slender duct 0.7-0.8 ys 
in diameter, arising from its ventral surface 
These ducts turn abruptly to pass under the cell 
of the gland and over the underlying tissue 
eventually opening through the wall of the 
pharynx near its anterior end, the several duct 
openings  usuall forming a small irregular 
eribellum. In some individuals, there 1s a large 
eylindnical evagination extending laterally from 
the lumen of the pharynx. In these individuals, 
the slender ducts from the gland cells pass at a 
very acute angle to open separately in the lateral 
wall and apex of this evagination 

The post-pharyngeal gland. (PI. III, fig. 2.) 
This multibranched paired gland 1s the largest 
found in the head, its branches extending forward 
to the region of the mouth parts, backward over 
the brain and laterally and ventrally to OCCUPY 


all available pace The successivel dividing 
branches arise from the surface of two large 
vesicles, one for each of the glands These 


vesicl measure up to 200 x 75 pu The diameter 
of the branches varies from 35 w near their bases 
to as small as 12m in the more distal apice 
Each cell of these glands CONLAINS a § ingle spheri al 
nucleus surrounded by very vacuolate cytoplasm 
(Fi. dil. fig. 2c.) Short rather coarse duct: 
connect the vesicles with the lateral walls of the 
pharynx near the region where the latter joins 
the oesophagus. (PI. ITI, fig. 2a.) 

Corpora allata. These small glands are slightly 
ellipsoid and measure from 28 x 36 4 to 44x 54 yp 

The Salivary (labial) gland. (PI. II, fig. 5.) 
This is the largest of the glands found in RAyti 
doponera. Its secretory portion hes in the anterior 
three-quarters of the thorax, with branche: 
reaching forward to the anterior wall, and back- 
wards, especially in the ventral area, to the 
region of the third thoracic ganglion, with the 
bulk of the gland in the mid-thoracic region 
The main divisions of the gland are sparingly 
branched, coarsely tortuou and quite thick, 
measuring 50-70 w in diameter, with the central 
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canal only 2-3.5 win diameter. The cells forming 
this portion of the gland are large, each with a 
single rather large spherical nucleus surrounded 
by a very vacuolate cytoplasm. The vacuoles 


y 


are especially conspicuous in the region around 
the central canal. (PI. II, fig. 5c.) 

The ducts from this portion of the gland show 
some variation both in distribution and_ siz 
Most frequently, several small tubes arise from 
separate branches or small groups of branche 
and quickly fuse to form one fairly large duct, 
which in turn merges with others occurring on 
the same side of the thorax to form one large tube 
Less frequently, the smaller ducts do not appear, 
fusion being in the branches of the glandular 
portion from which only three or four large duct 
emerge. The two main ducts, one from each side 
of the thorax, join to form a single centrally 
located duct through the neck, around or below 
the brain, and past the post-pharyngeal gland to 
its opening in the upper surface of the labium 
With the exception of a short portion of the 
anterior end, which is quite smooth, (PI. II, fig 
5a.) the inner surface of this duct is stro ngthened 
by a somewhat irregular series of annular thicken 
gs, resembling those found in the trachea but 
coarser and less regular in both size and distribu 
tion (Pl. II, fig 51.) Externally, there 1s a 
thick very vacuolate sheath of cells which also is 
lacking near the anterior end. This sheath vari 
greatly in thickness both in different portions of 
a single individual and between different indi 
viduals. (PI. II, figs. 5c, d, e.). Measurements 
at the thickest region are from 4-10 yu. The 
nuclei in this tissue are small discoid objects 
in diameter and 2-54y thick; they are 
quite numerou 

An interesting variation in the main ducts of 
this gland is noteworthy In many individuals, 
the large duct formed by the uniting of the 
individual ducts of one side immediately joins 
with its counterpart from the opposite side to 
form the single large duct that passes to the 
mouth, But in other individuals, the two large 
ducts pass forward separatel) and parallel one to 
the other to the region of the neck, and there 
unite While the main ducts in the thorax, as a 
rule, run directly forward, cases were seen in 
which there was a complete loop in the duct, 
sometimes very regularly curved and sometimes 
quite irregular. This looping occurred only in 
the thorax 

It is interesting to note the occurrence in the 
gaster of isolated fragments of this gland They 
vary from minute rings formed of only three to 
five cells, surrounding a short bit of the central 
canal which opens into the body cavity at each 
end, to fragments which may be twice the total 
length of the gaster In such cases, the fragment 
is invariably doubled on itself so that it 1s found 
only in the anterior part of the gaster. No case 


of branching was seen in ani 
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1957] Whelden: 
seemed to be entirely normal in every structural 
detail. As they were not connected with any 
duct, 1t was seemingly quite impossible for them 
to function normally. They appeared in every 
part of the gaster except the small telescoped 
posterior segments, but were most numerous in 
the dorsal half of the second and third gastric 
segments. 

This salivary or labial gland occurs in the male 
also, where it is very greatly reduced in size in all 
its parts. The secretory branches have a diameter 


of 25-32 4, with the central canal measuring 
2-3.5 (Pl. II, fig. 5g.). The branches are 
present only in a small region in the anterior 


part of the thorax, with a very infrequent exten- 
sion of a branch or two beyond that region 
Penetration between the flight muscle masses 1s 
infrequent and not extensive 

The metasternal gland. (P\. II, fig. 4.). This 
pair of glands occurs in the posterior portion of 
the thorax. Each gland is moderately large 
(measuring 230-250 u in length, and from 120 
150 w in diameter) and formed of an elongate 
group of loosely arranged spheroidal cells, 25 
36 w in diameter. The number of cells in each 
gland varies from 60 to SO. Usually these cells 
are rather widely separated; occasionally a spect 
men is found to have at least part of the cells 
pressed together sufficiently to flatten the adjoin 
ing walls 

Each cell contains a single fairly large nucleus 
in which there is a single small nucleolus (in rar¢ 
cases two). The cytoplasm is quite thick, stains 
very lightly and is slightly vacuolate, the vacuoles 
mostly quite small and peripherally located. In 
the callow spec imens, the cy toplasm seems always 
irregularly twisting clongate mass 
this appears to have 
1S quite 


to contain an 
of dark staining material 
no distinct limiting membrane, yet 1t 
sharply set off from the surrounding cytoplasm 
(Pl. II, fig. 4b.). Similar masses were occasional 
found in non-callow specimens; presumably these 
may be young individuals. If this structure 1 
found in one cell, it appears to be present in all 
the cells of the gland 

Arising from the surface which 1: the 
center of the glandular mass, a single slender duct 
within the mass to emerge 


toward 


from each cell passes 
from the posterior end where the several ducts 
form a very loose irregular strand. In callow 
specimens, these ducts are acc ompanied by a few 
small ellipsoidal nuclei, in older specimens, no 
nucle: remain here. In many individuals, these 
ducts are clearly seen to be filled with a faintly 
staining substance 


Near the posterior end of the thorax, there 1s a 


conspicuous opening, 130-150 « broad, varying 
in outline from nearly circular to obscurely four 
angled. This opens into a large cavity (200 


320 » deep) which turns abruptly at the lowest 


depth to extend upwards 350-540 yw, enlarging 


forward to a maximum diameter of 220-260 yu 
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The outer walls of the cavity are pressed against 
the chitin wall of the thorax. The innermost 
part shows considerable variation; it implest 
form 1s a uniformly rounded surface; in the more 
usual case, this anterior end 1s rather obscurely 
bifurcate, with the fork nearer the thorax wall 
noticeably the larger. The walls of this cavit 
are uniformly S-I4 yu thick. There is a small 
irregular area near the antenor end of this cavit 


which ts slightly thinner than the rest and near! 
or quite unpigmented. Through this area, the 
many ducts described in the preceding paragraph 
individually the cavity, There are 
six to nine slender hairs 10-25 » long on the rim 
of the opening, nearly all on its anterior mi 
Three or four rather small hair: 
of the cavity just within 


open mto 
oceur On the 
the 


Opening 


surtace 


Excepting these, the entire surtace ot the cavit 
Is quite smooth 

Gland in the fourth gastric segment. In the 
dorsal part of the fourth gastric segment, there 


large gland (Pl. III, fig. 4 


is a pair of fairl 


limited to the posterior halt of the se yment lt 
most specimens, these glands are distinctl 
separated, but occasional] an individual how 
the two in close contact on the inner sides, 1m 


rare cases Ktensivel\ The gland are 
formed of large irregular cells compact! 
rare] than five 


part, and decreasing to a 


quite ( 
proupe ad 
| 


More cell 


to make a mass deep 
at the thickest 
cell at the margins 
From the ventral o1 
of these slender duct arise 
the uppermost cell follow a twisting course 
between the cell bene ith, to 
middle of the ventral surface of the gland There 
together 


urtace otf each 


Those from 


po terior 


cells, a 


emerpe 


the many ducts come to form compact 
strands, one from each gland These tran 
turn posteriorly to end in a small area of densel 
massed minute pore in the intersegmental 
membrane between the fourth and fifth yastr 
segments In a fully contraeted individual, in 


which the 
within the 
forms a 

extended individual, the strand 1s quite straight 


po eyment are te 
preceding on 
mmetrical 


Gland in the fifth gastric segment. 11 the fiftl 
gastric segment, there occurs in many individua 
a second pair ol gland CLOSE resembhi iy that 
in the fourth segment, but much smalles Kver 
the largest of these is less than half the size of the 
fourth-segment gland ind the range mu 
smaller n the extreme case, there may be but 
a single gland cell on each side (Pl. II], fig. da 
It is often difficult to distinguish such a us 
cellular gland from an oenocyte, despite tl 
usually distinct difference in size of the two 
type Only the identification of a duct cert 
distinguish uch a gland fro the duct 
oenocyt In many individuals, this second p 
ol gland could not be found 

In the mal vhat appears to be tl 
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gland occurs in the fifth segment. It is usually 
much smaller than in the worker and is formed 
of smaller cell The details of its structure are 
about as in the worker, with one very striking 
exception, In the male, the pores of the ducts 
open through the outer chitin wall of the fifth 
seyment. These openings vary Infrequently, 
each duct Opens separately through a small pore 
in the chitin wall. These openings are nearly 
concealed by the numerous coarse hairs covering 
the wall in this area. More frequently, there are 
several rather large subcircular holes in the 
chitin wall; beneath each hole, there is a short 
rather irregular thin-walled pit through the walls 
of which the ducts open individually. Other 
specimens have various combinations of large 
holes and individual duct openings (PI. III, fig 
Db.) 


REPRODUCTIVE SYSTEM 


Several parts of the reproductive system will 
be described in detail (Pl. III, fig. 1.). The 
ovaries extend from an apex near the anterior 
part of the stomach backwards along the lateral 
margin of that organ, gradually passing down- 
wards to end, one at cach side of the last ganglion 
of the nervous system, a ganglion, incidentally, 


which often gives clear evidence of its nature as 


a fused mass of three originally separate elements 
Each ovary normally consists of three ovariole: 
Two of the workers studied were found to have 
four ovanoles in each ovary, and one had but 
two. Two others were asymmetrical, having 
three ovarioles in one ovary and two in the other 
In cross section, the ovanoles formed a trefoil in 


“most specimens but oceasionally the cross section 


showed them in linear series. When cut most 
favorably, the latter made very fine specimens 
for study 

No comment seems needed on the general 
structure of the ovarioles, except to note that only 
in the very lowest part were there any eggs 
nearing maturity. These mature or maturing 
yes were invariably few in number, usually one 
or two in each ovariole There was great varia 
tion in the number found in the several ovarioles 
of a single individual. In some workers, a single 
ovariole contained one or two large eggs with 
very small ova in the remaining ones, while in 
other workers, varying numbers of ovarioles 
contained one or two mature CLyYS each The 


ou 


maximum number of mature eggs found in any 
worker Was SIX 

The three ovanioles of cach ovary open abruptly 
into a short oviduct which passes around the 
posterior abdominal ganghon to join its opposite 
homologucs In individuals with fully contracted 
gasters, these oviducts were searcely twice the 
length of a mature egg and quite large in diameter; 


It will be recalled that these pecimen were col 
lected in the late fall of the West Australian year 


[Vol 50 
in extended specimens, they were greatly elon- 
gated and very slender, appearing taut. Their 
length may be as much as eight times that in 
individuals with contracted gaster 

The uterus appears most frequently as a ma 
of cells with very little apparent structure, so 
contracted and intricately wrinkled are its tissue 
In contracted specimens, the uterine ma had a 
diameter approximately equaling its length 
Sections showed it to be composed of numerous 
thin-walled cells, large numbers of muscle cells, 
and among the latter many tracheae and nerve 
branches: scarcely any trace of lumen could be 
seen. The structure of the uterus becom 
clearer when it is slightly distended, and is even 
more apparent when it is also somewhat extended 
The uterine canal is rather flexuous, the bend 
being most frequently in a dorsi-ventral plane 
The inner wall surrounding the canal 1s principally 
formed of rather thin squamous cells with small 
nuclei. There is a conspicuous area of large 
somewhat columnar cells in the dorsal part of the 
anterior portion. Around this lining membran 
is a thick layer of encircling muscle fibres, with a 
thinner layer of more loosely aggregated longi- 
tudinal fibres outside them. Surrounding this 
entire mass in all individuals save those deemed 
to be very old 1s a layer of fat cell As noted 
above, small tracheal elements and fine nerve 
endings are numerous throughout this mass 

In five specimens, mature eggs occurred in the 
oviduct, invariably only a single egg in one or in 
both ducts. In two individual 
in the uterus, grouped in an irregular manner 
Sample measurements of three eggs are 420 x 
150 455 x 160 ws and 465 x 183 4. The average 
ratio of egg length to its diameter, so long as the 
egg remains within the ant’s body 1s 2.75: 1 

Rising from the mid-dorsal region of the 
uterus near its posterior end, the thick-walled 
cylindrical spermathecal duct, about In 
diameter, almost immediately turns backward 
ending in the nearly spherical spermatheca. <A 
spermatheca was found in every individual 
examined It was invariably located against the 
postenor wall of the uterus, rising above that 
surface The diameter of the spermatheca is 
100-125 callow individuals, its wall 1: 
somewhat wrinkled; in older specimens, it 1s 
usually fully distended, this condition being 
quite independent of the presence of sperm 
The larger part ol the spermathecal wall, mor 
phologically the posterior part, is rather thin, 
(Pl. II, fig. la.) the remaining portion very much 
thicker, being formed of rather long columnar 
uninucleate cells (Pl. Tif, hig Ib.) On the 
inside, there 1s a chitin intima which measures 
one to two micra in thicknes 

There are two sp rmathecal glands, short thick 
ovoid bodies varying greatly in size in different 
specimens. (PI. III, fig. th.). The smallest 


measured was 66 yu long and 24 4 in maximum 


, eggs were present 
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diameter; the largest was 95y4 long, with a 
diameter of 444. Some were short and thick 
and others long and slender but none exceeded 
these dimensions. The glands are formed of 
two kinds of cells The outer portion, the major 
part of the body, comprises large dark-staining 
cells with very large subspherical nuclei. The 
inner part is formed of small irregular cells, each 
with a small spheri al or elongate, often kidney- 
shaped, nucleus There is a very slender duct 
passing through the length of the gland and 
issuing from its posterior end whence it passes 
rearward till opposite the spermathecal duct, 
where it turns abruptly to enter this duct at a 
junction with the uterine wall 
The spermathecal glands are usually more or less 
completely surrounded by fat-cells, and with the 
latter rest on the dorsal surface of the uterus 
Sperms were present in 22 of the 274 individuals 
examined. The number of sperm cells present 
varied widely In two cases, the spermatheca 
was comple tely filled with a dense ball of sperm 
In three specimens, the sperm mass was very 
small and loose, comprising an estimated fifty to 
one hundred cells. In the remaining cases where 
sperm was found, the spermatheca was _ fully 
inflated, but the sperm mass only partially filled 
it. In several specimens in addition to the 22 
noted, sperms seemed to be present in very small 
quantities ; the condition of the preparation made 
positive determination impossible. With one 
very doubtful exception, no callow showed the 
presence of any sperms. Several of the specimens 
having sperms in the spermatheca showed them 
also in the spermathecal duct, where they were 
usually in loose groups of three to six (Pl. III, 
In one case, a single sperm was found 


point near 


hig. Ig) 
near the lower end of the duct There seems to 
be no correlation whatever between the presence 
of sperms and the occurence of mature or maturing 
gs in the ovariol 

In specimen thought to be very old or mori 
bund, a few cells in the walls of the uterus fre 
quently contain very large nuclei; these invariably 
have a very irregular black-staining mass_ of 
nucleoplasm. Such nuclei are widely dispersed, 
mostly in the dorsal part of the uterine wall (PI 
III, fig. 

From the lower part of the posterior end of 

the uterus, the very short vagina first passe 
downward for a short distance, then turns back 
ward and almost at once opens through the inter 


mmental membrane into a narrow flat chamber 


ses 
In transverse sections, the Vagina appears as a 
thin-walled transversely clongate tube, measuring 
150-180 » broad and 20-25 » in maximum depth 


(Pl. III, fig. 1f: va.) 
The reproductive tem proper ends in the 
Immediately posterior 


fourth gastric segment 
formed by the extension of 


to it, a thick barrier 1 
the anterior portion of the ventral chitin of the 
fifth segment vertically into the gaster, and with 
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it the thin intersegmental 1 
which the vagina open 
and the thick chitin 1 
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fig. 6d Unlike the first, it shows some dif- offshoot of the Ectatommini of primarily 
ference in structure from anterior to posterior Australian and Papuasian habitat, is one of 


end, The anterior portion, above the uterus, 1s 
obviously distensible, varying from narrowly 
eylindrical to broadly ovoid, and from 40-130 yu 
in maximum diameter. That portion of the 
gland which passes to the base of the sting 1 
nearly cylindrical, and 25-30 uw in diameter, with 
its thick wall surrounding a narrow somewhat 
irregular central canal. In this part, the many 
nucle: of the wall vary greatly in size, 
everal times larger than others, but all are 
spherical. As the gland turns towards and into 
the sting, the character of the wall changes 
abruptly and conspicuously. Here the wall 1s 
composed of two, infrequently three, groups of 
clongate fusiform cells radiating from narrow 
bands encircling the small central canal Each 
of the elongate cells has a small spherical nucleus 
in its larger distal end (PI. II, fig. Gc.). About 
the small terminal pore, the cells become small 
and irregular. The contents of this gland seem 
to occur mainly in the enlarged anterior portion, 


some being 


and to vary greatly in amount 


TYPES OF CELLS 


Adipocytes (fat-cells) have been mentioned 
occasionally in the foregoing dese riptions These 
cells are particularly abundant in callow: speci- 
mens, especially in the head and gaster. In the 
head, they fill the mandibles almost solidly, only 
a small portion being occupied by nerve cells 
Adipocytes are also numerous over the maxillary 
Nand cells, around the branches of the pharyngeal 
‘land, and form a layer under much of the chitin 
surlace In the thorax, these cells are somewhat 
limited by the many muscles which fill much of 
the thoracic cavity, particularly in the dorsal 
portion. Adipocytes are most numerous about 
the ventral gangha and around the two glands in 
the thorax. In the gaster, fat-cells form extensive 
groups in the dorsal and lateral regions, but are 
quite infrequent in the ventral portions. They 
decrease noticeably in number in older specimens, 
and are almost lacking in very old individuals 

OQenocytes are very abundant in callow. indi- 
viduals where they are about equal in number t 
the fat-cells among which they occur They lx 
mainly near the surface of the body, appearing 
to be very uniformly distributed. Like the 
adipor vtes, the oenoeytes decrease in number 


+ 
‘ 


with advancing age of the ant 


SUMMARY 


1. The ponerine ant genus Rhytidoponera, an 


peculiar interest to students of the social insects 
by virtue of the progressive evolution which it 
illustrates of loss of the fertile female in the 
colony and the assumption of the reproductive 
habit by numbers of workers in the community, 
norphologically externally indistinguishable from 
their fellows. This evolution has been accom- 
panied by corresponding modifications of colony 
structure which are under study at present 

2. As a preliminary to behavioral studies, a 
series of anatomical and cytological studies have 
been undertaken, the results of which are pre- 
sented in the current paper. 

In general, the anatomy resembles rather 
closely that of other Ectatommini insofar as it 
has been investigated. Several special features, 
such as provision for the retention of sperm in 
the worker, appear to be adaptive to a “queen- 
less’ existence. A number of features of more 
general occurrence are here described, it is 
believed, for the first time 
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EFFECTS OF LARVAL AGE ON DIMORPHIC DIFFERENTIATION 
OF THE FEMALE HONEY BEE! 


NEVIN WEAVER? 


Texas Agricultural Experiment 


Queen and worker honey bees are phenotypes, 
and the differentiation of castes depe nds upon the 
food received during larval life. Little is known 
concerning the time during development that 
dimorphic differentiation begins, at what time it 
become irreversible, the extent to which the 
vanious organs may develop into intermediate 
between typical queen and worker organs, or the 
extent to which the various organs that develop 
dimorphically are correlated with each other in 
the degree to which they develop Into queen or 
worker types If individuals can be produced 
with organs that are intermediate between thos« 
of typical queens and workers, or if extreme 
dimorphic variations in the various organs are 
not correlated with each other, then the female 
honey bee is potentially polymorphic, and some 
mechanism must operate to maintain the fairly 
trict dimorphism found in nature. 

Melampy ef al. (1939, 1940) found that larvae 
that had been fed as queens for a day or more had 
a higher rate of respiratory metabolism than 
worker larvae of the same age. Queen larvae also 
grew faster and had larger corpora allata than 
worker larvae. Lukoschus (1956) studied some 
aspects ol the morphology of caste determination 
in queens and workers, and found caste differences 
in the rate of growth of several of the glands. 
Becker (1925) attempted to rear queens from 
worker larvae !y to 4 days old and found that 
queens developed from larvae 3 days of age or 
younger, but that a few of the adults produced 
from larvae 315 days of age were worker-like in 


some characteristi Older queen larvae were 
removed from their food by Haydak (1943), and 
of the individuals that survived the starvation 
until the pupae were well developed, 
organs that were worker-like in their chara 
teristi Weaver (1955) found that queens could 


be reared in the laboratory on royal jell that 


some had 


was taken directly from queen cells, but royal 


ielly that had been refrigerated unfrozen for a 


ear produced worker Other literature on 

| 1 tigation upported, in part, by a 
grant-in-aid from the National Science Foundation 
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lication Sept. 18, 1956 
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dimorphism and on the food of queen and worket 
larvae has been reviewed by Haydak (1943 
Ribbands (1953), and Johansson (1955) 

Levin and Haydak (1951) found that the 
weight of newly emerged worker honey bees wa 
influenced by the population of the colonies and 
the amount of pollen being brought into the hive 
the number of ovarioles in the bees was not 
influenced by thes factor Weaver (1956) 
studied the effects of several colony treatment 
during larval life on the ovarian development of 
worker bees, and concluded that the environ 
mental factors he considered had little influence 
Buchner (1953) found that bee 
reared in small brood cells, or under any one of 
a number of conditions that resulted in inadequat 
nutrition, I control bee 


on the ovaries 


weighed less than the 
Ruttner and Mackensen (1952) state that tongue 
length, body size, and some other 
characteristics of adult bees are heritable 


anatomical 


MATERIALS AND METHODS 


A commerical strain of Italian honey bee ( I pis 
mellifera I.) was used in a study of the effeets of 
the age of larvae on the anatomical differentiation 
of the adults. Larvae of known age were trans 
ferred from worker cells into queen cells and, in 
some instances, the were transferred back to 
worker cell All larvae were reared in colonie 
ot bee: 

In order to ecure cpp of KNOW! the queer 
in the breeding colony was restricted to a comb 
for a measured period of time, usually four or 
five hours. The comb was then moved to the 
upper story ol the colon vith about half of the 
brood, while the queen wa 
half of the brood under a queen excluder. The 
upper story was supplied with combs containi 
pollet 


The method of rearing quee! larvae and adult 


were essentially the same in all experiment 
Larvae | than a day old were grafted (trar 
ferred) from worker combs into dry commercia 
wax queen cell cups and placed in a queente 
broodle colony for about one da The frame 
containing the queen cells were then moved to 
finishing colon These were colonies in whiel 
about half of the brood and pollen were in the third 
or fourth story with the queen cells, and the othe 


half of the brood and the queer vere in the first 


tory under a queen ider. One to three 
da ifter the queen ere started, the larvae 
in then ere discarded, Other lar 
differed in age from the discarded eb 
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than 24 hours were immediately taken from 


worker comb and placed in the queen cells on 
the royal jell This process is known as double 
grafting, and the transfer of larvae into queen 
cell cups that have not previously contained 


larvae, 1s known as single grafting. After the 
double graft the queen cells were usually returned 
remained 
until the larvae were used in an experiment, or 
until pupal development was almost complete. 
the queen cells were returned 


to the finishing colonies where the 


In some instance 
to queenless colonies after the double graft 

In another series of experiments, larvae that 
had been reared in queen cells for a measured 
period of time were returned to empty cells of 
vorker comb. Larvae more than three days of 
aye were placed in stretched and enlarged worker 
cells, or even drone cells, but smaller larvae were 
placed in normal worker brood cel| They were 
then returned to the colony that produced the 
egys from which they hatched, and were separated 
from. the queen by an excluder. Control be 
le veloped in the ame colon and in the same 
manner, except that the larvae were never 
removed from worker combs. In one experiment 
the combs containing larvae that had been in 
quecn cell were placed in a small broodles: 
colony until the cells were sealed; the control 
larvae were placed in the same colony when the: 
The queen in this colony 
was restricted to a six square-inch area of comb 
vhile the experimental and control larvae were 
in the hive 

When the experimental or control pupae were 
almost mature, each worker comb of brood was 


were tour da old 


placed Wm an emergence cage, queen cells were 
transferred to individual emergence cage: supplied 
with queen cage cand The emergence cage: 
were placed in a constant temperature cabinet 
held at 93° 2 Fo and about 75 percent re lative 
humudits At irregular intervals, usually 4, &, 
or 16 hours, the adults that had emerged wert 
killed with eyvanide, quickfrozen, and held in a 
ee plreeze until they were dissected 

When time permitted, the adults were removed 
from the deeptreeze and measurements were 
made to determine the extent of their dimorphic 
le velopment Analytical balances were used to 
determine the weight to the nearest 10 mg The 
length of the abdomen, and its breadth at the 
widest point, were measured at 10 magnifica 
tion The length of the abdomen was measured 
to the nearest 0.5 mm.: the remainder of the 
measurement were to the nearest graduation on 


1} 
1° 


an eyepiece micrometer. metathoracic leg 
Was amputated, and the length and breadth of 
the basal segment of the tarsus (basitarsus) were 
measured at 25 magnifications The length of 
the basitarsus divided by its breadth 1 the 
basitarsal index 

fJefore further dissection wa attempted, the 
fixative and technique described by Weaver and 
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Thomas (1956) were used to harden the soft 
tissues and soften the exoskeleton. After fixation 
the abdomen was opened and the distance across 
the spermatheca and the widest part of each 
ovary and calyx was measured at 41 * magnifica- 
tions. The ovarioles of typical worker ovaries 
were separated in sifu and counted. Large 
ovaries were removed separately to a drop of 
water on a glass slide; both ends of the ovary were 
cut off, leaving a section 1 to 2 mm, long in the 
region where the ovarioles were large and not 
connected with each other. The ovarioles were 
then teased apart slightly and stained for approxi- 
mately 30 seconds with 1: 1000 methylene blue, 
washed with water, separated, and counted. 

The length of the tongue was measured at 16» 
magnifications from the distal end of the mentum 
to the tip of the glossa. One point of a pair of 
watchmaker’s forceps was inserted into the dorso 
central area of the compound eye immediate; 
under the occiput, and the frons and genae were 
torn from the remainder of the head cap ule and 
tentorium. The length of one mandibular gland 
was then measured at 16% magnifications from 
its distal end to the base of the mandible. The 
sting was removed from the abdomen and 
amputated at 1ts base: 
a droplet of water on a g 
of barbs on the lancet was counted. 

In addition to these objective measurement: 
observations were made on the general shape of 
the head, thorax, and abdomen, the coloration of 
the abdomen, the shape and size of the sting and 


one lancet was floated in 


ass slide, and the number 


its poison sacs, the shape of the calyxes, the 


chaetotaxy and shape of the metathoraci leg, 
the size of the pharyngeal glands, the shape of 
the mandibles, and any other variations in the 
bees that seemed important. 

The original data on each objectively measured 
characteristic of the bees from each experiment 
were subjected to an analysis of variance, and 


the correlation coefficients between some of the 


characteristics were determined. The mean, 


standard error, and coefficient of variability of the 


measurements of the bees in each treatment 
were calculated and then the tatistics On SIZ 
were converted to millimeters. These method 
are taken from Snedecor (1946). The frequency 
distributions of the measurements of the bee 
reared in each treatment were also determined 
The frequencies in percentages, were plotted 
against the magnitudes of the measurements of 
all bees that completed their development in 


queen cells, all bees that complet d their deve lop- 


ment in worker cells, all queens reared from 1-day- 


old larvae (normal queens), and all control worker 
bees. The magnitudes of the measurements were 


plotted on the abscissa to an artificial scale 
arranged so that the modal values of all measur 
ments of normal workers fell on one ordinate 
and all modal values for normal queens on another 
Nine points on each graph were determined, the 
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Weaver: 
means of these points were plotted, and curve: 
were fitted to them by eve as the mean dimorphi 
frequency distributions of female honey bee 

The minimum possible age of larvae that wer 
grafted into queen cells was calculated from the 
time the queen was removed from the frame of 
ges until grafting was begun, and the maximum 
age of the larvae was calculated from the tim 
the queen was restricted to the comb until graft 
ing was completed. For these computations, tt 
was assumed that all eggs hatched 72 hours after 
they were laid. If larvae were transferred back 
into worker cells, the time of the beginning and 
end of operation was similarly used to 
compute the length of time the larvae were in 


Cal h 


queen cells. 

The time required for be« 
to adult was computed to the nearest one-half day 
For these assumed that all 
rs were laid at the mid-point in time that the 
on a comb, and all adults emerged at 
time between examinations of 


; to develop from egg 
computations 1t Was 


queen wa 
the mid-point In 
the emergence cages; because of the assumption 
there 1s a po sible error of one day in 
these data 


some of 


RESULTS 


conditions of these 
rgs hatched about three days after 
Seventy-two hours 


Under the 
most ol the Cf 
they were laid 


experime nt 


after a queen 


was restricted to a comb, one or a very few epg 
in it usually had hatched, and 72 hours after the 
queen was removed from a comb everal uli 
hatched eggs would remain in it. The larvae 
did not all grow at the same rat In queen 
cells, particularly, there was great variation in 


the apparent siz of larvae of approx mately the 
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were conducted on the 
larvae when grafted Into queen 
the larvae spent in queen cells 1f 
they were returned to worker cells, the days re 
quired tor development from egg to 
and its standard error of each measurement 


lent, and the 


mcan 


of the bees in each treatn 


for the difference between mean from the 
analyses of variance of the experiment are 
yiven in Tabk | The measurements olf Ole 


individuals that were unusual, the coefficients o 
vanability of one group of normal queens 


and the range in the 


and on 
group of normal worker 
mal queen ind normal 


Table I] 
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shown 1n 
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conducted June of 
2. 
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Experiment 
Larvae that wer 
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of the larvae 3 da old and 


and fed by the bees in finishing colons Phe 
cell vhich received larvae that were 2 da old 
were lost because of a fault queen ¢ cluder, and 
only one of the larvae grafted when 4 da old 
completed development. The measurements of 


to anal Ol 


the other bee 


inane The means and their standard error 
of the measurement ind the F values from the 
malvyse Ol Variance ire hown in Table 1] The 


¥ 
é 
. 
| 
ig 
ounver were accepted 
a 
| 
| 
| 
— nm! 
af 
ly 5 
« 
ly x 
4; lo 4 
Je 
q 
4 
/a 
/= / oO | 
‘le / 
/ 
2 
| ‘ 
= 
ide hia. | Means of the frequency distributions of some dimorp racter f fe ‘ one om 


286) 


AND THEIR 


Honny Bers 
Hust 
(jt 
i4 
77 
M4 
Unt 
dult 
14! 
15 
Ur 
Until | 15 
Wh 
19 20 
17 4s 
0 20! 
iW! 
is 21 
26 Ik 
1s 
15 16 
! is 
4 Is 
0 20 
1s 
is SO 
0 
0.05 ‘ 


Annals Entomological Soctety of America 


TABLE I 


[Vol 


ol 


PANDARD ERRORS, AND F VALUES FoR THE DIFFERENCES BETWEEN MEANS OF MEASUREMENTS 


ReARED IN WorKER Broop CELLS AND QUEEN CELLS FOR THE 


BAsitas ABDOMEN MM DIAMETER 00 
LENGTH 
MM INDE Breapin | Lenco 
EXPERIMENT | 
15 24 201 2 56 2 04 5 04 9 5k 1 #0 163 
* (2 * OF » OF » 04 3 
16 1K 16% 2 201 179 9 11 1 0% 14% 
3 » » (2 * 12 » § 
17! 4 164 24 1 05 144 9 12 1 1§2 
21 24 2 26 84 4 55 §2 1 45 
§ » 4 * 07 24 12 #14 
17 53 21 Of | 21 11.73 10 1} 
EXPERIMENT 2 
210 20 2 05 07 9 64 2 16 16s 
194 62 2 05 9.47 2 05 172 
4 » O4 * 15 O4 4 
if 4 157 24 1 171 1 89 149 
4 O2 * O2 OF * OF 
6 115 2 21 1 75 4 4s 74 0 89 
#12 » 07 * 15 44 = 24 #2) 
11k 2 16 175 424 7 59 1 23 
* OF * 10 33 * 19 #2) 
21 115 1 92 1 47 04 0 36 16 
+25 * 18 OM ; #14 
W) 27 93 W) 4} 43 27.1 
EXPERIMENT 3 
116 1 76 147 7 16 0.19 +8 
| * * (2 O05 * 2 
123 2.18 179 15 744 0 26 
2.12 1 76 145 7 25 017 
| » * Ol 06 * 2 
7 67 3 20 44f 5 4} 7 63 
4 
204 174 4 31 6 60 015 +0 
13 101 1 05 171 4 20 6 06 0 40 9 
5 204 173 4 24 6 60 0 20 5 1 
100 2 07 173 4 4s 6 70 $.2 
3 » * 02 2 (2 6 
M) 171 145 0 20 4.7! 
1 1 92 179 110 fi 83 24 
§ 0 * 07 25 * 13 * 56 
4h 2 00 1 69 140 6 83 0 20 16 
97 2 07 172 435 6 80 ow 
63 | 11 23 83 23 6 4 33 
EXPERIMENT 5 
1 147 7 02 0 33 12 6 
* * * » Il * 07 §2 
140 1 56 $05 6 75 0 07 10 
*10 * O4 » 2h 
0) 100 O5 1 70 137 6 91 017 +4 
| Ol * Ol * O8 2 
16 43 9 23 7.73 5 2} 


LENGTH OF 


Time INDICATED 


RIOLE MAND 
PERM, | TONGUE) G D 
Diam. | | Lenciu 
Porat MM 1M MM 
27 1 2 09 2 35 
* Ol * O4 
110 173 
1 07 209 210 
7 O1 * 0% 
222 92 2 46 1 71 
#25 * O85 * 10 
10 15 11 Of 28 73 
435 2.17 2.12 
$41 1 1.80 2.23 
2074 1 05 2.13 2 16 
0 54 1 37 
20 = 23 10 
2158 O 2 1 66 
249 * 07 4 14 
0 0 95° 2 75 0 94 
#25 33 10 
27 33) 14 03 4} 16 
7.2 402 1 O8 
‘ * (2 
101 1 04 
1 OS 
! <1 
61 06 1.03 
17 
10 1 Ol 
23 O85 02 
64 93 115 
3t 608 1 03" 
* 20 ()2 
22 0 0 95 
1 03 
1 01 1.03 
61 $97 1 06 
134 7 23 313 
26 6 4 82 104 
“109 (8 * 
20 $ 63 1 06 
» 06 
46 1 05 
* (2 * 
5 63 25 


1 


Al 
‘ 
Mian 3 
: BARBS © 
‘ 
ie 
25 
2 4 
‘ 3 
16 
mit 
66 
61 it 
F 
) «17 
13 
x 
a0 
| 
2 
9 6 
eal 
9 0 
91 
7 27 
9 2 ah 
| 
9 | 4 
‘ Ty 
; 2.93 at 
as 91 
90 
91 
* | 
t Si 
ynif tat O01 ‘ 
Ral 
shes 


1957 | Weaver: Dimorphic Differentiation of Female lloney Bee 


adults in treatment 2 were reared in finishing 
colomes from larvae that were 3 days old when 
they were grafted, and those in treatment 3 wert 
apparently larger larvae of the same age that 
were kept in a queenless colony after they were 
grafted It will be noted that the means of the 
measurements of the adults produced from thes« 
two groups of 38-day-old larvae did not differ 
greatly from each other in any characteristi 
except tongue length, but that their means 
differed rather consistently from those of queens 
produced from 1-day-old larvae. All of the 
measurements of many of the queens produced 
from 34-day-old larvae fell within the range of 
variation of normal queens, though many of the 
measurements were near the most worker-like 
extreme of variation of the control queens. Most 
of the queens in treatments 2 and 3 were rather 
small with slender abdomens that terminated in a 
sharp point. One of them had well developed 
auricles and other slight indications of worker- 
type chaetotaxy on the metathoracic tibiae and 
tarsi. In other visible respects she was virtual 
a normal queen as Can be seen from an examina 
tion of her measurements in Table II, bee 1. 

The larvae that were grafted when they were 
lightly more than 3! days old were placed in 
queenless colonies until the cells were sealed; 
previous experience had shown that few, if any 
of them would be fed in finishing colonies. There 
was great variation among the adults that de 
veloped from these larvae. Many of these 
individuals had several characteristics that were 
completely queen-like, and the majority of them 
would have to be classed as inferior queens 


anatomically, though none of them were within 


the range of vanation of normal queens in all 
characteristics. Measurements of the most con 
sistent] queen like of these bees 1s shown as bec 
2 in Table II Two of these individuals (e.g 
bee 3, Table I1]), looked rather worker-like, but 
except in coloration and body and basitarsal siz 
and shape they were much more queen like thar 
worker-like. Be ft and 5, Table II, on the 
other hand, looked like small, lendet quect 
grossly, but as can be seen from their measur 
ments, they were generally much more “worker 


like see 4 had slightly notched mandibles and 
the chaetotaxy of her metathoraci wa 
rather queen-like Bev 5 had a ver lender 
queen like abdomen, but her mandiblk were 


smooth and met against each other like those of 
a worker; the calyxes wert haped hke a worker’ 

the outer surface of the basitarsus was rather 
queen-like in chaetotaxy, but the inner surfac 
had a pecten of 10 irregular rows of setae, and 
thus was more worker-like. The corbiculae wer 
also rather worker-like, but the setae that fringed 
them were slenderer and shorter than those of a 
typical worker, and there was an unusual number 
of hairs growing in the corbiculae. There wa 
no visible left oviduct Three other individual 
with about the same measurements and bod 


shapes a thi bee had completel worker-like 
metathoracic legs and mandible Onl two 
adults in this treatment were completel worker 


like (¢ g bee 6) One of them had no left antenna 
or mandible and otherwise her head Wa mial 
formed: this could have resulted inyjur 
to the larva during grafting 
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Of about 60 larvae grafted into a queenle: 


colony when more than 95 hours of age, about 
10 queen cells were sealed and subsequent! 
destroyed by the nurse bee to cell were not 
destroyed. An adult emerged from « f these 
cells, and the other contained a pupa which 
apparently died early in the pupal tadium 
The larva that de veloped into an adult was fed 
for almost two da after being grafted, = the 
unusually long queen cell was enl poy eke he tip 
before being sealed. This type of knob-like tip 
ing dead larvae, and its significance is not known 
It may be caused by the bees’ efforts to seal a 
larva that ha descended from the royal jell 


before the cell 4 ealed Data on the adult that 
emerged from this cell are given under bee 7, 
Table I], but were not included in the analyse 
of variance. This individual was queen-like in 
body form, and more like a queen than worker in 
metathoraci ley mandibles, and permatheca 
The tongue length and number of barbs on the 
ting were imtermediate between those of normal 
queen and worker: ier were 78 ovanioles in 
the left ovary, but the right ovary had approxi 
matel the appearance of a fat bod with a 
hghtly linear arrangement of the cells, and the 
ovaniol were too indistinet to be 

In the second experiment, conducted in July 
1954, the adults produced from larvae that were 
grafted when they were | and 2 days old wert 
very similar to each other in most re pects as can 
be seen from an examination of the data in Table 
I. One of the queens produced from 2-day-old 
larvae had man ovariol that were extremel 
mall in diameter, and an unusual number of the 
queen had Longue that were shorter than 1.5 


mm. There were no other unusual feature 
about any of thes queen The adult: produced 
from 38-day-old larvae wert to. those 


produced from larvae of the same age in expert 
ment 1, though shghtly fewer of them had 
measurements that fell completely within the 
range of variation of normal queen Several 

these queens had fatty ovaries which the 
ovarioles were too indistinct for an exact count 
and several of the queens had unusually large fat 
bod In one of these queens, ome of the 
ovanioles in the left ovary did not join the cal 

On three different da 10 to SO larvae shght] 

more than 4!5 days of age were grafted into queen 
cell and placed Mt queenles colon When the 
cell were ealed, they were moved to the con 
tant Lomperature cabinet These are treat 
ment 1 5, and 6, « xperiment 2, Table I and I] 
The adults ranged from almost completely queen 
hike to almost completel worker-hke, and be ‘ 
through 12, Table Il, demonstrate the features of 
the most common t\ pe Bee 10 was the mo 
queen-like individual from these treatments, but 
there were six other bees that approached normal 


queen Wi most characteristi Bee and 1 | 
illustrate some of the vanation among the nin 


intermediate individual Bee 
a small queen, had slight notches in 


more near] 
looked like 
her mandibles, and the metathoracic legs were 


lightly queen-like in chaetotaxy. Bee 11 looked 
like a worker grossly and had completely worker- 
like metathoracic legs and mandible Even the 
eight) more worker-like individual however, 


usual] had som characteristics that were 
lightly queen-like, such as the spermatheca size 

bee 9 and the tongue length of bee 12. Of the 
12 bees that died late enough in the pupal stadium 
that measurements of some organs were possible, 
all appeared to be intermediates or worker-lik« 
Since more than one measurement 1s missing fron 
each of these bees, none of the data from them 
were included in the analyses of variance of 

xperiment 2. 

Of about 50 larvae that were grafted when more 
than 96 hours old, one lived until it was almost 
an adult. This bee was worker-like in every 
visible feature, though she was so de generate that 
some of the measurements are not comparable 
with measurements of living bees. The data on 
this bee were not included in the analyses of 
Variance of experiment 2; but are given unde r 
bee 12 in Table II 

The first experiment in which larvae were 
grafted into queen cells, left there for a measured 
period of time, and transferred back into worker 
cells, was conducted in March, 1954. At that 
time, the colonies had not reached their peak 
populations and were rapidly expanding brood 
production. Larvae that, judging from their 
ize, were much less than 24 hours old, were 
ingle grafted into dry wax queen cell cups in a 
queenle: colony, and left for slightly less than 
a day before being returned to worker comb. 
Most of these larvae completed development 
and all of the adults were perfectly normal workers 
(Table I, ¢ xperiment 5, treatment 1) 

Other young larvae (treatment 2) were double 
grafted and left in the queen cells for 2 days 
before being placed in slightly stretched and 
enlarged worker cell Over 75 percent of these 
larvae also completed deve lopment, and the 
adults differed ignificant! from the controls in 
weight, basitarsal length, abdomen length and 
breadth, ovary breadth, and number of ovariole 
All of these bees had measurements that fell 
within the range of variation of their controls in 
weight, abdomen breadth, and all of the charac- 
eristics in which there was no significant dif- 
ference between treatments. Twenty-two percent 

these bees had more ovarioles than any of the 
controls An unusually large percentage ol them 
o had long basitarsi, tongues, or mandibular 


11 


| 
glands, though these measurements usually fell 


barely within the range of variation of normal 
workers, and none of the be were near the 
extremes of normal workers 1n all measurement 


Bee 14 and LD: 


characterist 


Experiment 4 was conducted in the same wa 
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in June, 1954. All of the larvae in any one _ sting. Her basitarsi, rather than being queen-lik 
treatment were grafted from the same colony, were extreme] hort, and her abdomen \w 
and they were returned to that colony to complet narrow The cond adult to emerge weighed 
development when they were transferred back 13 cg. and also had a rather short tongue, but 
into worker comb. Two colonies were used to this individual appeared to be completely normal 
produce and feed experimental larvae. The bees in every other visible respect 
listed as treatment 8 in Table I are the control Treatment vas virtually the il treat 
for treatments 2, 3, 4, and 6, and those listed a ment 2, except that slightly older larvae wer 
treatment 9 are the controls for treatments 1, 5, double grafted and remained in queen ce ibout 
and 7. 5 hours longer. Several of these bees had slight 
Of the larvae that were |-day-old when the horter tongues or basitarsi: than any of th 
were grafted, and that spent | day in queen cell controls; one had both a short tongue and short 
(treatment 1), almost all developed into adult basitarsi; two had unusually long basitarsi; on 
The mean weight and abdomen size of these bee had S89 ovarioles and a low” basitarsal inde 


PABLE 
CORRELATION COEFFICIENTS BETWEEN MEASUREMENTS OF SOME ORGA or FEMALE HONEY HEI 


REARED IN Two EXPERIMEN! 


RIGHT OVARIOLES POrAL OVARIOLI 
‘TREAT DEGR 
No FREI Right Left \ 
Ovary diam. |Ovarioles| “©'®5t| Index | Length | Diam. | Lengt Lengt on St 


[EXPERIMENT | 


22 0 400 228 0 O01 O72 0 0458 () 327 0 4521 0 O31 O21 
2 15 0 308 0 382 0 079 0 O80 0 026 0 329 440 0 145 154 
3 39 0 148 QO 562} 0 046 0 276 0 276 0 17S () 237 
21 0 9104 0.931f 0 0 569} O O —O 4601 0 O78] O 
Within 100 0 0 767 0.261) O 0.2157 0 647) —0 234 487t 0 
Total 103 0.748 Q SISt 0.472t) 0 508t) 0 3173 0 737%)—0 3534 0 637! 0 753} 
EXPERIMENT 4 
72 0 S65] 0 00S 0 O82 144 0 057 0 020 
2 0 0 454 0 599T 266 0 070 
3 $2 950 0. 0 053 0 358 0 138 0 063 0 176 
4 0 756 143 0 45 0711 S11 419 0 204 
5 17 0 9524 0 945t 0 317 0 O O14 ISS 
6 0 0 () 484 () 270 0 635 () S42] 200 
7 0 280 104 0 097 0 O49 262 
0 9O3T 0 4097 0 0 O26 0 007 0 12; 
9 29 S67T ) $26 0 190 0 129 165 0 O55 
Within 246) 0 0 O87 149% —O 1644 0 O69 O15 
lotal 204 0 9234} 915} 0 065 104 1431 0 630 
tSignificant at the 0.05 level 
{Significant at the 0.01 level 
was less than those of their controls, but no one had 63) ovaniol two had spermathecac 
individual was distinguishable from a normal bee about 0.2 mm. across; one had an underdeveloped 
in any visible respect ting; but none of these be isu 
The bee in treatment 2 de veloped from larvae more than two characte 11 
less than 2 da old that were single gratted mito Li than 10 percent ol the lar ¢ that were 
queen cells where they remained for about a da grafted into queen cell hen the ere 3 da 
Almost half of these larvae developed into old, and that remained in queen ce for a dit 
adults, and although the means of almost all of — before being returned to worker comb developed 
their characteristics differed from the mean of into adults and none was unusual in any wa 
their controls, only one individual differed great] Adults developed f1 ore tha third of 
from normal worker bee This bee (No. 16 group of larvae that were grafted into queer 
Table II) was the first adult to emerge, and she cells for about 15 hours when the vere more 
had 111 ovarioles in both ovari Her tongue than 3 da old (t1 ) One of these 
va light] horter than was common among adults had a short tongue other 
normal bees, and there were only 7 barbs on her basitarsi, and another had 44 ovaniole Other 
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wise, the appeared to be perfectly normal 
worke 

About 40 very young larvae were single grafted 


and Jeft in queen cells for ¢ 


ilmost 2 days as 
treatment 6. Of the nine adul 


] 
1 produced, bee 


17 and 18, Table II], were unusually small, had 
hort basitarsi, few barbs on the sting, a large 
number of ovanioles, and one of them had small 
mandibular glands, Two other bees of this 
group also had unusually small mandibular 


ylands, two had rather smal] abdomens and were 
light in weight, and one had 12 barbs on the 
tiny. 

About 60 larvae were grafted into queen cell 
when slightly more than a day old, and wert 
returned to worker comb 2 days later. Although 
a few of the means of the measurements of these 
bees (treatment 7) differed slightly from those of 
their controls, none of the individuals was unusual 
anatomicall Two of them, howeve r, ¢ omplet d 
le velopment and then died, and two. other: 
pupated while facing toward the base of the cells. 

Of another group of larvae that were 2 day: 
old when they were grafted into queen cells for 
2 days, none were accepted. The bees also 
refused to accept 1!o-day-old larvae that wer 
yrafted into queen cells, left: for 4 davs, and 
returned to worker cell 

The fifth experiment was conducted in July, 
1954 As the first treatment, 3-day-old larvae 
were grafted into queen cells for slightly more 
than a day, and 47 of them were returned to 
worker comb in a completely broodless colony 
that had a queen. Since general observations 
had indicated that not all larvae that were 
matiall accepted by the bee completed deve lop- 
ment, these larvae were observed frequently. 
Twenty-six of the cells containing these larvae 
were sealed, but the bees later destroyed 9 of 
them; adults emerged from the remaining 17 cells. 
Three of the adults had large ovanes with many 
ovanioles fees 19 and 2O, Table II, also had 
large spermatheae, and bee 19 had a short tongue, 
and a very slender sting with lancets that were 
( peciall weak looking at the base Bee 21 was 
unusual only in having 146 ovarioles; one other 
bee had 21 ovarioles, but there was nothing else 
unusual about any of the individual 

Only 2 adults were obtained from larvae that 
were grafted into queen cells when 2 days old 
and returned to worker cells 2 days later. These 
bees (treatment 2) were rather small, with short 
basitarsi, narrow abdomens, and only one ovariole 
per ovary 

Other larvac were yratted when the were 
l-day-old, left in the queen cells for 2 and 3 
days, and returned to worker comb in a broodle: 
colony, but none was accepted The control 
larvae were placed in the broodle colony when 
they were 4 days old 

The generally low coefficients ot variability of 
normal queens and normal workers (sce Table IT) 
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indicate that both were drawn from fairly homo- 
geneous populations. The high coefficients of 
variability of ovary size and ovariole number of 
workers, and of the number of barbs on the sting 
of queens were due, primarily, to the low means 
of these measurements. Only the tongue length 
of queens appears to be unusually variable. It 1: 
not likely that natural selection would operate to 
reduce drastically the variability in tongue length 
of queens; the same would apparently be true of 
basitarsal length in queens, however, and the 
queens with unusually short tongues reared in 
this study probably resulted from imperfect 
development of queen characteristics. 

These experiments were conducted when the 
weather was hot, there was little pollen and 
virtually no nectar being brought into the hives, 
and the colonies had passed their peak popula- 
tions and were reducing brood rearing. All of 
these conditions are unfavorable for queen 
rearing. Many of the queens with unusually 
short tongues had 200 to 300 ovarioles, and most 
of the queens with about 350 ovarioles had 
longer tongues. Approximately the modal length 
of about 2.5 mm. is probably nearer the true 
value for tongue length of perfect queens than 
lengths of 2.0 mm. or shorter. 

The graphs in figure 1 of the means of the 
frequency distributions of all of the measurements 
of the control queens and workers resemble 
normal curves. The slight departures from this 
type of distribution probably are largely the 
result of the small number of individuals used in 
this study and the conditions under which the: 
were reared. On the basis of a study of a much 
larger sample, however, it appears that the 
frequency distribution of ovariole numbers in 
workers resembles the Poisson distribution 
(Weaver, 1956). Some of the other departures 
from the normal distribution may have some 
significance, at least within the particular samp 
used in this study The frequency of ovariole 
numbers in normal queens increased gradually, 
then sharply, from the most worker-like extren 
to the modal value, then decreased rather sharpl\ 
toward the most queen-like extreme. Ovariole 
numbers vary in integers, and it is quite possible 
that their frequency distribution differs from 
those of organs capable of an infinite series of 
variations between two values. Among the 
normal workers, the frequency distributions of 
weight, basitarsal length, and basitarsal index 
resembled that of ovariole numbers. Among the 


distributions of 


normal queens the frequency 
mandibular gland length, and number of barb 
on the sting resembled that of ovariole numbers. 
In weight, basitarsal length, and tongue length 
the frequen \ of measurements mncrea ed sharpl 
from the most worker like extreme to the modal 
value, then decreased graduall to the most 
queen-like extreme. The asymmetry of — the 
frequency distributions was not computed, since 


: 
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the means of most of the treatments differed 
widely from each other, and the interpretation 
of any asymmetry that might be found would be 
difficult. 

The frequency distributions of individual 
characteristics of all queens and all workers 
ndicate that each organ is capable of any varia- 
tion between and slightly beyond the range of 
variation of the organ in the two castes. The 
discontinuities in measurements that occurred 
are thought to result from the small number of 
individuals produced that had _ intermediate 
measurements. Most of the bees that did have 
some intermediate organs were predominately 
queen-like or predominately worker-like in most 
measurements. 

In each of the characteristics measured in this 
study, many of the individuals reared in queen 
cells from older larvae approached worker types 
more closely than any of the normal queens, but 
only a very few of the experimental queens 
slightly exceeded the queen-like extreme of 
variation of normal queens in any characteristi 
Among the individuals that completed develop 
ment in worker cells, some of the larvae that had 
been in queen cells developed into adults that 
exceeded the queen-like extreme otf vanation ot 
normal workers in ovary size and ovariole number, 
but several of these individuals exceeded tlm 
opposite extreme of the control workers in one 
or more of all except these characteristics and 
mandibular gland length 

Table III gives the correlation coefficients 
between some of the characteristics of the queens 
reared in experiment | and the workers reared in 
experiment 4. The correlations in the rows 
designated as ‘‘within’’ are the most important in 
determining the amount of covariance between 
organs, since this is the correlation among. all 
individuals in an experiment after the effects of 
treatment means have been removed. If all 
organs vary together in the extent to which they 
are queen-like or worker-like, then all of the 
correlations in the table should be positive except 
the correlations between total ovarioles and 
tongue length, and between total ovarioles and 
number of barbs on the sting; these two corre 
lations should be negative 

It is obvious from Table III that there is a 
tendency, in general, for the organs of virtually 
normal queens and virtually normal workers to 
vary independently around their own means, but 
n those treatments in which there is wide varia- 
tion among individuals from rather queen-like to 
rather worker-like, there are significant correla 
tions. The correlations between the number of 
ovarioles in an ovary and the diameter of that 
ovary, and the correlations between the number 
of ovarioles in the left and night ovaries come 
the nearest to being significant in all treatment 
and these correlations are greater in worker 


than in queens. In all other characteristics, 
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there is greater over-all correlation amo 
than among workers. From an inspec 
original data it also appe ars that there 1 
greater tendency toward correlation of 
queens that approach or slightly su 
measurements of the most worker-l] 
queens than in the completely normal 
This is especially noticeable in 
treatments 2 and 5, not shown in Tal 


which several of 
Among the queens 
the correlations 


lation between total ovanole 
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tions, the quantit' oO} food the larvae Trecelve 1 


important in caste determination. Weaver (1955 
has shown that, under laboratory conditions, the 
qualit of the food 3 important It ha not 


heen definitel proved, however, that either the 
quantity or the quality of the food affects dif 


ferentiation in the hive The evidence, however, 
trongly indicates that both are important. The 
worker larvae were alwa urrounded by food 


until they were more than three days old, and it 
docs not seem probable that they experienced 
partial quantitative starvation during the first 
three days of life Since most of the adult: 
reared from larvae that were grafted into queen 
cells when they were 3 days old were not perfect 
queens, and some of the larvae irreversibly 
developed shghtly queen-like characteristics even 
though they were returned to worker cells from 
queen cells before they were 3 days old, qualitative 
differences in the food received in the hive prob 
ably are instrumental in initiating caste 
determination 

There is good evidence for beheving that 
quantitative differences in the foods of queen and 
worker larvae are also important in the dif- 
ferentiation of the two cast in the hive In 
order to develop Into a perfect queen, a larva 
must receive a larger amount of food for energ: 
and for building tissues than is required for a 
larva to develop into a worker (Me lampy el al., 
1939, 1940) When larvae are fed in the lab 
oratory on royal jelly that 1s unsuitable for the 
differentiation of queens, large workers weighing 
up to 16 cg. are produced (Weaver, 1955). Most 
of the increase in weight above that of normal 
workers seems to be due to material distributed 
in large fat bodies in the abdomen. Queens 
reared on fresh royal jelly by the same te hnique 
have approximately normal fat bodies. In the 
experiments presented in this paper, some of the 
fairly queen-like individuals reared from older 
larvae had large tat bodes, indicating that the 
physiological changes necessary for the full 
utilization of large amounts of food had not been 
completed prior to pupation It is probable that 
the fatty ovaries with indistinct ovanoles in some 
olf the queens reared from older larvae resulted 
from a similar partial phy siological change 

It appears likely that both the quantity and 
quality of food received by both queen and 
worker larvae is variable, and that this vari 
ability, as well as differences in the larvae, he Ips 
to account for some of the conflicting results 
obtained in this study. Some of the worker: 
that spent one or two days of their larval life in 
quecn cells and the remainder of their develop 
mental period in worker cells had large ovaries, 
and some of their other characteristics approx) 
mated the most queen-lke extreme of normal 
workers. Other workers with large  ovari 
approached or surpassed the more worker-like 
extreme of normal workers, particularly in weight, 


abdomen size, basitarsal length and index and 
mandibular gland size; some of these individuals 
however, had unusually short tongues as would 
be expected if they were slightly queen-like. It 
is possible that larvae that developed into adults 
with several slightly queen-like characteristic: 
received relatively large amounts of food until 
larval deve lopment was < ompl te, and that those 
which had large ovaries but were extreme worket 
types in other characteristics were subjected to 
rather severe starvation. If relatively large 
ovaries were irreversibly determined when partial 
starvation began, then so much of the available 
food would go into the formation of ovaries, and 
pos ibly other of the sexual organs necessary for 
the development of functional queens, that un- 
usually small amounts of metabolites would be 
available for the formation of other organs. An 
alternate explanation for the differences in the 
adults is that when the developm« ntal phy 1olog' 
is partially changed, some of the integration in 
the physiological processes 1s lost, and that the 
most extreme types ol individuals that are viable 
often develop. The same arguments could be 
applied to tongue length of queens; many of the 
queens that approximated the most worker-like 


extreme of variation of normal queens in most 
characteristics nevertheless had unusually short 
tongues 

It appears that the development of normal 
queens, or normal workers is a well integrated 
process, probably under hormonal control, that 
slight departures from the normal are not especi- 
ally deleterious, but that a state intermediate 
between the castes is somewhat lethal. Among 
the adults that emerged from larvae that were 
grafted into queen cells when they were more 
than 314 days old, most were predominately 
queen-like or predominately worker-like. Further- 
more, almost half of the individuals developing 
from these larvae died before the adult stage was 
reached Most of those that died late in the 
pupal stadium had some worker-like charac- 
teristics, but some appeared to be anatomically 
intermediate between the two castes. A few 
worker-like individuals lived in queen cells until 
they were adults and then died in the cells 
Either the size or strength of the queen cells made 
11 impossible for the bees to emerge, Or the 
instinctive behavior of the bees precluded 
emergence 

The potential polymorphism of the 
honey bee, however, is not completely prevented 
by the partial lethality of the intermediate form, 
and other mechanisms must operate to preserve 
the fairly strict dimorphism found in nature 
Within any one set of circumstances under which 
queens have been reared in this laboratory, the 


female 


extremeiy queen-like individuals were alway: 

among the first adults to emerge, and the least 

queen-like were among the last to emerge Thi 
] 


helps to insure the colony of a functional queen 


; 
: 
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° 
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r since a newly emerged adult immediately begins grafted into queen cells were considered to be 
% to destroy other queen cells in the colony This normal queens 
dh does not necessarily insure the colony a very good Adults reared trom larvae that wert » da 
4 queen, however. The adults that developed the old when they were grafted did not differ great! 
: most quickly after being grafted into queen cells from normal queens in their characteristi 
: were reared from larvae grafted when 8 days old, Adults reared from larvae grafted when 3 da 
is and some, but not all, of the first group of these old ranged from anatomically normal to anat 
t queens to emerge in each treatment were normal ically poor queen The measurement Oo 
queens anatomically. Some of the more queen- many of these queens were near the most worker 
like individuals that were more than 314 days like extreme of the range of measurements ot 


old when they were grafted, emerged as adults normal queens, and the coefhcients of variabilit 

in a shorter time after being placed in queen of some organs were slightly larger than those ot 

cells than any of the larvae that were | or 2 days normal queens 

old when grafted The bees accepted and ted o1 
The instinctive behavior of the nurse bees centage of the larvae that were slightly more than 


nl mall pel 


appears to be the major factor in preventing the 3% days old when they were grafted. Of thos 
development of intermediates between the castes that were accept d, almost half died betore the 
under normal conditions. There can be no adult stage was reached. The adults produced 
doubt that the nurse bees can somehow dis from these larvae were highly vanabl None of 
tinguish between queen and worker larvae. them had measurements that were all within the 
Even under the poor conditions for queen rearing range of variation of normal queens, but many ot 
that prevailed when these experiments were them were more queen-like than worker-like in 


conducted, the bees accepted and reared most of — all characteristics. A few individuals were worker 
the I- and 2-day-old worker larvae and a large like in all the characteristics that were measured 
percentage of the 3-day-old larvae that were or observed 


grafted into queen cells The acceptance ol Only one adult, and one individual that died 
larvae more than 31% days old, however, was when almost adult, were produced trom larvae 
very poor. The converse was also true. The that were 4 days old when they were grafted 
nurse bees would readily accept and feed most of | One of these was a normal worker anatomical! 

the larvae of any age that are placed in worker and the other wa hghtly queen-like in all 
cells after being fed as queens for a day or less, characteristi 

but they would accept very tew of the larvae Larvae of known age were grafted trom worke1 
that had been fed as queens for two day This comb into queen cells, left there for a measured 
recognition of queen and worker larvae could not — period of time, and transterred back into worker 
be due to the size of the larvae or to the food brood cell Adults reared from larvae that wer 
clinging to them, nor is it likely that the bees never removed from worker brood comb wer 
discern differences in the shape of the larvae. It used as normal control 

seems more probable that there are chemical Anatomically normal workers were produces 


1! 


differences in the queen and worker larvae that from larvae that were grafted into queen ey 
are discernible to the bee, just as there are when they were about | da old and that were 


chemical differences in the adults (Butler 1954; returned to worker cells approximately | da 
1956). Such differences could be discernible later. Larvae that were about 2 and 6 days old 
through the sense of smell, as they must certainly when they were gratted into queen cells for a da 
be in the adult, but it is also possible that the produced some individuals that exceeded the 
exoskeleton of the queen larvae, like the adult most queen-like extreme of varnation of normal 
7 has an exudate which the bees remove. The workers in some characteristics; some of thet 
feeding of larvae by nurse bees needs to be approximated or exceeded the most worker-like 
reinvestigated in a search for evidence of extreme of variation of normal workers in other 
trophallaxis characterist1 The same was true of the adult 
developing from larvae that had pent about v2 
SUMMARY AND CONCLUSIONS days in queen cells before being returned to 
Honey bee larvae of known age were grafted worker comb 

from worker cells into queen cells from which Only a small percentage of the larvae that had 
queen larva had just been removed, and were been in queen cells for more than 1! da ere 


reared in colonies of bees by techr 1ques suitable accepted and fed b the nurse bee when the 


for queen production. The adults were dissected were returned to worker comb; 11 A 0 

and quantitative measurements were made on true of larvae that were in queen co for a 

fourteen characteristics in which queen and shorter period of time, but that produced some 

worker honey bees differ. Observations were individuals that were slightly queen-like im sor 

also recorded on dimorphic characteristics that characteristi 

could not be readil\ measured Queens reared The removal by the nurse bee Ol i! cot ¢ ( 


from larvae that were | day old when they were caste from cells of the other makes it diff 


ae 
= 
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aluate the potential of these transfers from a 
tudy of the adults that were produced. The 
poor viability during the pupal stadium of some 
of the individuals in treatments that produced 
ntermediates between queens and workers further 
complicated the interpretation of the result: 


The characteristics of normal queens and nor- 
mal workers tended to vary independently of 
: each other around their own means, Within any 
a one treatment that produced queens or workers 
that did not vary greatly among themselves, 
the same tendency was evident, but within 
treatment in which there was wide variation 
from virtually worker-like to virtually queen-like 
individuals, there were significant correlations 


between measuremnts of different organ 

Amony the queens there was a significant post 
tive correlation between measurements of organs 
that, on the basis of the characteristics of normal 
queens and workers, would be e pec ted to yield a 


negative correlation, and among workers there 
were negative correlations where positive 
| would be « pected Two alternate explanations 


are advanced to account for these and similar 


Frequene distributions of the measurements 
"i of organs of queens and workers were examined 
for the information they might yield on dimorphi 
development, and mean frequen distributions 
vere determined. [t 1s proposed that the honey 
bee is potentially polymorphic, and three mech 


anisms that operate to suppre the potential 
polymorphism are discussed 
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Factors that influence the production or suppression 
of soldiers among the initial young 


Field observation howed that daytime flight 
pring and fall are dependent on rainfall nd warm 
temperature: he fall flights are simultaneous over 
wide areas, but the spring flights are diffuse 

In the laboratory coloni the earliest copulation 
13 hours after pairing; the second after 250 day Sperm 
is probably viable for at least 6 month Phere i low 
parthenogeneti rate In almost of colon the 
initial egg was deposited 20 da fter pairing, 9 to 13 
eygs in number. The mean egg development time wa 
about 50 to 55 day There were five tadia of iriou 
periods of duratior Nanitic soldiers appeared in the 
fifth stadium he incidence of soldiers wa ery low, 
their production being dependent ol ome intrecquent 
environmental conditior There is need for further 
tud\ The extent of the alate source influence |} not 
been pre appreciated 
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GEOGRAPHICAL DISTRIBUTION AND HOSTS OF IXODES TEXANUS 
BANKS (ACARINA, IXODIDAE)' ° 


RICHARD F. DARSIE, JR 


A little-known tick in Eastern United States, 
Ixodes texanus Banks, now occurs in considerable 
numbers at several localities along the Atlantic 
Seaboard. The recent build-up and the possi- 
bility of its continued spread throughout the 
eastern states has prompted a review of our 
present knowledge of this ectoparasite 


HISTORICAL BACKGROUND 


According to Nuttall ef al. (1911, p. 216) the 
first specimens of /. texanus were collected by 
V. L. Kellogg at King’s River, California, from 
gray squirrel in July, 1896. However, the 
species was not recognized as distinct until 1909, 
when it was described by Nathan Banks (1908 
1909, p 170) from nine females and several larvae 
taken from a raccoon in Live Oak County, Texas, 
by Mitchell and Bishopp. (The type locality is 
probably Oakville, since Bishopp (1912) lists 
such a collection, dated November 30, 1908) 

Previously, Banks (1908) had described another 
Ixodes as prath The cotype series” ol this 
spe ies included two females from Walker Pass, 
Death Valley, California; one male from Sher 
wood, Texas, and one female and one male from 
Kerrville, Texas. The Walker Pass, California, 
and Sherwood, Texas, specimens were found to 
be indistinguishable from /xodes kingit Bishopp, 
by Bishopp (1911) and Cooley and Kohls (1945) 
The male from Kerrville was identified as /xodes 
scapularis Say and named as its lectotype by 
Cooley and Kohls (loc. cit.) It, therefore, should 
have appeared as a synonym of scapularis, not 
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kingt as listed b wse authors (p. 131 Phi 
female from Kerrville was found to be fevanus b 
Cooley and Kohls (doc. cit.) and Bequaert (1945 

The distribution of fevanus, as then known, wa 
given by Bishopp (1912) for the United State: 
and by Hewitt (1915) for Canada. It) wa 
reported as rare in Montana by Cooley (1932 
The single specimen from /ulamias spp., recorded 
by Chamberlin (1937), 1s here considered to be 
Ixodes hearlet Gregson in litt 
(1941) found fexanus on Florida raccoon imeident 
to a survey of wild ammmals for the cattle tick 


Boophilus annulatus microplus (Can), (=B 
microplus (Can.)), vector of cattle tick fever It 
was recovered from. the ame host b Morlar 
(1952) in several counties in southern Georgia 


The di tribution by tate ot lexanus colle 

in the U. S. Department of Agriculture, Bureau 
of Entomology and Plant Quarantine, was 1 
dicated by Bishopp and Trembley (1945) without 
including specific localities. © Most of these record 


Additional distri 


Clior 


are given in detail herein 


butional and host data have been noted b ~ 


| 


Hooker (1909), Texa (10454) Nort] 
America: [dd and Jo ce (1941, 1942 lowa 
Knipping, Morgan and Dicke (1950), Wisconsit 
(1955), Utah and IR eckman, Lindt Spencer 


and Lee (1955), California Hooker, Bishopp 
and Wood (1912) list fexanus as common in the 
Transition subzone, and as occurring in the 
Lower Sonoran subzone of the Austral Zon 

In two instances urve ol parasite ol 


specific mammals resulted im the finding of thi 
tick. Twichell (1939), investigating the souther: 
woodchuck, found fexanus the onl ectoparasit 
and never in abundance Tails of vrocyon 
\ min 
Eads and Menzies (1950) incident to a rabi 


control program. Five contaimed specimens of 
lexanus 

Cooley (1923), in discussing the Rocky Mou 
tain spotted fever tick vector tated that 
lexanus was “of no significance the spotted 
fever problem i checklist of il 
external parasite of North American domesti 
animals, Dikmans (1945) included this tick under 
dogs and cat The tick survey, following thi 
outbreak of Bullis fever in Texas, was responsil 
for finding lexanus, according to Brennan (1945 

Four monographic-length works have encor 
passed this speci Nuttall et al. (1911) in then 
monumental work o1 he ticks of the world 


reported fexanus trom onl 
North America, since it had been desenbed but 


two veart previou 
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ay 
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nymph are quite adequately described by Cooley 
and Kohls (1945) in their monograph of the genus 


According to Kohls 


Ixodes 11 North America 

(in litt.), accession numbers 18741, 18815, and 
11301A listed in the table on page 83 are not 
flexanus but Ixodes hearlei Gregson (p. 85) 


Bequaert (1945) published a treatise on the ticks 
of the Northeastern United and Eastern 
Canada. He included texanus in keys to females, 
males and nymphs, and recorded it from Kirk- 
field, Ontario, only. He considered it as probably 
an accidental introduction, since it was found on 
farm At the present time, 
wider distribution in 
the ticks of Canada, 
Bequaert’s 


States 


a mink in a fur 
ubstantialls 


account of 


lexanus has a 
thi area An 
organized in the same manner as 
ued by Gregson (1956). He lists 
authenticated localities for texanus from the 
provinces of British Columbia and Ontario. 

The differentiation of texanus from hearlet was 
discussed by Gregson (1941). The same author 
(1942b) noted that texvanus had never been taken 
squirrels, Tamiasciurus hudsonicus ssp., 
which were infested instead by hearlet. 

Some work has been done on the bionomics of 
the speci Hadwen (1911) referred to its 
capture on Procyon lotor, “in the dead of winter’, 
(in British Columbia). A weasel was reported 
by Hearle (1938) as having five females, 153 
nymphs, and S84 larvae Fitches were 
shown to develop an immunity to this tick by 
Gregson (1942a). He infested litter mates with 
of four female lexanus, most of which 


was recently 1 


from red 


on its nec k 


the progeny 


engorged and dropped off in nine days. The 
ame pair was reinfested on the ninth day with 
the progeny of two females In this case, of the 
everal thousand larvae placed on the fitches, 
only about a dozen succeeded in securing blood 


and dropping off 
Texanus 1s most resistant to adverse conditions 
It is highly tolerant of cold, according to Mail 


(1942). The average freezing point of six unen 
gorged specimens wa 23.2°C., while eight 
replete ticks withstood temperatures down to 

7.0°C Core yson (1942b, 1949) reported all 
stages as being long-lived. He kept larvae, 
adults and nymphs, presumably unfed, in cotton 


for 96, 101 and 103 months, 
sa theoretical life span 
He also found the 


plugged shell vials 
respectively He speculate 
of 800 months, or 25 years 
hymenopterous parasite, //unterellus hooker 
How., infesting this tick, and suggests that it 
would be a good host on which to rear the para- 
site artificially, for use in tick control 

From 1896 to 1917, the species was taken in 
Cahforma, Texas, Washington, British Columbia, 
and especially Montana, where ti ks were being 
captured in large numbers because of the interest 
in the tick vectors of Rocky Mountain Fever 

No additional states were recorded as having 
lexanus until the 1928 to 1933 period, when it 


was recovered from five central and western states 
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Wisconsin, Oklahoma, Louisiana, Colorado and 


Arizona 
During 1935 to 1941, this tick w 


as recovere 


from the largest number of states; and in this m 
period, it was first found along the Atlantic 4 
Seaboard. In the four eastern states, North ‘ 


Carolina, South Carolina, Florida and Maryland, e 
it was mostly collected from the mammalian hosts ‘ 
of the genus Procyon. ‘The central states, lowa 2 


and Missouri, and two western states, Oregon 
and Idaho, were also now included in its range 

Recently, 1951 to 1953, Georgia, Virginia and 
Delaware have been added to the list 

Actually, ftexanus is being reported in print 
here for the first time from three states, Delaware, 
Michigan and Virginia, and from numerous indi- ‘ 
vidual localities. Map I shows the distribution 
in United States and eastern Canada ; 

In the geographical distribution given below, a 
those records marked with “USDA, ERB” are 
from the collection of the Entomology Research 
Branch, Agricultural Research Service, U. S 
Department of Agriculture 


GEOGRAPHICAL DISTRIBUTION 


Ixodes texanus Banks 


Ixodes pratti Banks 1908 USDA, Bur. Ent., 
No. 15, p. 27 (partim) 
Ixodes texanus Banks 1908 (1909 


t Proc. Ent. Soc. Wash 
10: 172 


ARIZONA Gila Co. (7), Pinal Mts., 29 from 
spotted skunk, Jan. 15, 1933 (D. L. Hayden) 
[Kohls in litt; Gregson, 1956} 

CALIFORNIA Orange Co., Dana 
from Didelphis virginiana, Oct. 29, 
5OL trom Spilogale gracilis, Oct. 22, 
visional diagnosis by Glen M. Kohls); San Juan 
Capistrano, 19, 3N from Mephitis mephitis, 
Oct. 4, 1951; 19, 9N, 40L from S. gracilis, Oct 
IS, 1951 [Ryekman, et al. 1955]. San Bernardino 
Co., Seven Oaks, 19 from gray squirrel, May 9, 
1936 [Cooley and WKohls, 1945 Inyo Co., Mt 
Whitney, 29, July 19, 1915 [Cooley and Kohls, 
1945]. Fresno Co. (7), King’s River, 29 from 
California gray squirrel, July 1896 (V. L. Kellogg) 
[Nuttall, e¢ 1911]. This is a tionable 
lexanus record, since they were identified by 
Banks at a time when he was not sure of the 
species Eldorado Co 5 Tahoe Pine S, Lake Tahoe, 
near Meeks Bay, 692 from marten, Dec. 28, 1916: 
Meeks Bay Canyon, 39? 1 N (molted to from 
marten, Feb. 14, 1917. (J. E. Pomin) [USDA, 
ERB]. Placer Co., Tahoe Pines, Lake Tahoe, 
19, 4N, 158L from weasel, Jan. 30, 1917; 24 
from weasel, Feb. 6, 1917; 2 N from ermine, Mar 
15, 1917 (J. E. Pomin) [USDA, ERB] 

COLORADO Antonito, | from 
weasel, July 26, Park Co., Como, 1 


Point, 14 
1951: 29. 


1952 (pro- 


ques 


Conejos Co 


1932 


from weasel, June 30, 1939. 7% Co., S. Fork of 
Deer Creek, 19 from weasel, Jul 26, 1937 
[Cooley and Kohls, 1945 
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DELAWARE: Kent Co., Bombay Hook National 
Wildlife Rufuge, 19,1N,2L from Procyon lotor, 
Feb. 1954 [Kohls in litt Sussex Co., Cedar 
Swamp near Gumboro, 292, 2 N from Procyon 
lotor, Nov. 28, 1953 (D. H. Lewis) 

FLORIDA: Orange Co., Christmas, 19 from 
Procyon lotor elucus Bangs, Jan. 2, 1987. Osceola 
Co., Osceola, 82, 10 N from P. 1. elucus, Jan 3; 
1937 Collier Co., Immokalee, 19 from P. / 
elucus, Feb. 8, 1937; 19 from P. 1. elucus, Feb. 9, 
1937; 34 N from P. 1. elucus, Feb. 11, 1937 (B. V 
Travis) [Travis, 1941, USDA, ERB] 

GEORGIA: Decatur, Grady, Thomas and/or 
Brooks Cos., 26ad, 19 N, 5 L from Procyon lotor 
elucus Bangs (14 animals infested) [Morlan, 1952] 

IpAHO: Owyhee Co. (7), Deep Creek, 14 
from marten, Feb. 1, 1938 [Cooley and Kohls, 
1945] 

IOWA Tama Co., Tama Indian Reservation 
near Toledo, 19 from dog, May 1, 1941 (G. W 
Eddy) [Eddy and Jovce, 1941, 1942; Cooley and 
Kohls, 1945 

LOUISIANA: Terrebonne Parish, Gibson, 2 G 
from raccoon, Dec. 1929 (C. W. Rees): Donner, 
149, SN from mink and raccoon, Dec. 19-25, 
1932 (G. Bowman) [Cooley and Kohls, 1945; 
USDA, ERB]. 

MARYLAND Dorchester Co., Blackwater Na- 


1 1 4 
county records; half-solid dot indefini 


State de ignation 


Map | Records of /xodes texanus Banks in United $ 


tional Wildlife Refuge, 49, 5 N from Procyon 
lotor, Mar. 31, 1954 (R. O. Drummond); 2 N 
from P. lotor, March, 1954 (G. Anasto Prince 
Georges Co., Patuxent Research Refugt See 
Table I for records from P. lotor | L from 
Marmota monax, Mar. 31, 1954; Io", 19, 5 N 
from Didelphis virginiana, Apr. 14, 1954;29,1N 
2 L from Syloilagus foridanus, Apr. 21, 1954 (R 
QO. Drummond); 19 from M. monax, Apt 
29, 1954: lo" from Sciurus carolinensis, June 10, 
1954 (G. Anastos) U.S.D.A. Research Center, 
Beltsville, | 16 N from P. loter, Feb. 15, 1954 
(P. T. Johnson). Laurel, 42 from = raccoon, 
Mar. 7, 1940 (E. B. Marshall) [USDA, ERB 
MICHIGAN: | N from raccoon (W. H. Law 


rence ) Localit' and date absent Koh] 
litt. 

Missouri: Boone, Audrain, Moniteau, Cooper, 
Howard and/or Callaway Co (-—“within a 
20-mile radius of Columbia "), southern wood 
chuck [‘T'wichell, 1939 

MONTANA: Ravalli Co., Florence, 29 from 


marten (Mustela c. origenes); Mar. 13, 1910; 3 4 
from weasel (Pulorius arisonensis); 29,6 N trom 
pine squirrel, July 16, 1910; 29 LI L from pine 
squirrel (Sciurus h. richardsoni), July 16, 1910 
1 N from pine squirrel, Aug. 8, 1911 (probably / 
texanus); 39, 8 N from pine squirrel, Aug. 20, 
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1911; | N from pine squirrel, Aug. 22, 1911 
(probably /. texanus) (W. V. King and C. Birdseye 
were the collectors, according to Bi hopp, 1912: 
locality labels in USDA, ERB collection indicate 
onl W.V King as collector): 19, 1 N collected 
round, Jan. 24, 1914 (W. J. Dickman); 19, 
j easel, April IS, 1914 (H. P. Wood): 
1% from pine squirrel, July 12, 1916 (W. V. King); 
Y N, host, day and month not given, 1916 (W. V 
King); 249, 14 N from pine squirrel (S. h 
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richardsoni) date not given (W. VY. King) 
Stevensville, 139, 25 L from pine squirrel, Aug 
16, 1910 (W. V. King) [Bishopp, 1912, USDA, 
ERB]; Bitter Root Valley, 1 N, 19 L from pine 
squirrel, Aug. 16, 1910 (W. V. King and C 
Birdseve) [Bishopp, 1912] Bitter Root Mts., 
39 from marten, Jan 16, 1941; 19, 1 N from 
Citellus lateralis, Jan. 20, 1929; 1N from marten, 
Mar. 22, 1933 99, 10°, 7 N from weasel, Mar. 
15, 1933 (Fred Wetzsteon); 29, 1 N from marten, 


TABLE I 


COLLECTIONS OF Ixodes lexanus ¥ROM THE Raccoon, Procyon lotor, AT THE PATUXENT RESEARCH 
REFUGE, LAUREL, MARYLAND 


Dati No. OF RACCOONS No, oF Ticks COLLECTOR 
SAMPLED COLLECTED 

3% M | le I] ! 
X1-4-43 Io’, 1IN, IL 
X1-S-43 IN, 22L 
XI 9 44 7N 
X 1-15-43 
VII-2-45 3N 
20-46 20N 
‘X-25-46 IN 
XI if} 
1-30-47 1g 
16-47 29,2N 
47 SN 
29, 11N 
TV-15-47 3N 
[V-18-47 2N 
1V-25-47 I7N 
119-50 lL. M. Llewellyn & E. Ediger 
11-16-50 $9,4N 
11-17-50 109,8N L. M. Llewellyn 
111 15-50 5G E. Ediger & L. M. Llewellyn 
111 22-50 89, 1N E. Ediger 
11-24-50 19, 1N 
1115-538 25 C, Yunker 
13-53 19, 11N 
19,7N, 3L G. At to 
26-54 ] R. Silva 
I11-29-54 I5N, LIL 
11-30-54 19,2N, 8L R. O. Drummond 
I11-31-54 YN, 26L 
1V-9-54 lo’ N G. Anasto 
1V-13-54 R. Silva 
IV 14-54 2 10 179, 40N, Sl R. O. Drummond 
IV-15-54 3 89, 20N, 4L 
1V-29-54 | 19 G. Anasto 
IV 30054 3 5g R. Silva and G. Anasto 
V-5-54 l lo’, 19,2N G. Anasto 
1-10-55 l 5N, 771 P.M. Bauman 
1}-16-55 79,4N 
| C. Clifford 
IV 5-55 0g 
IV -22-55 2 19,6N P. M. Bauman 
IV -25-55 | Le ( Clifford 
16-55 4 79,2N 
VI-6-55 ] 79 P.M. Baumar 
4-56 2 69,2N B. Walton 
19,3N C, Clifford 
Potal Tick 
Collected 290", 154 G , 21N, 


Records of Rocky Mountain Laboratory, U.S. Public 
In the Rocky Mountain Laboratory Collection 
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Jan. 4, 1935; 19, 1.N from marten, Jan. 15, 1935 
[Cooley and Kohls, 1945 Bitter Root River, 
39 from mink, Nov. 12, 1951 (John A. Chapman) 
| Kohls in litt Missoula Co., S. of Lolo Hot 
Springs, 392 from marten, Mar. 23, 1911 (W 
V. King and C. Birdseye) [Bishopp, 1912; USDA, 
ERB]. 7? Co., Woodman, 29 from marten, Jan 
IS, 1912 (R. Eggenthaler) [Bishopp, 1912, reports 
C. Birdseve as collector; USDA, ERB 

Nole: Records for Montana, unless otherwise 
indicated were trom the USDA, ERB collection 
It appears that most of the ‘Bitter Root Valley” 
specimens listed by Bishopp, 1912, were actually 
from Florence 

NEW MEXICO No specili data other than an 
indication on a distributional map that fexanus 
occurred in this State | Bishopp and Trembley, 
1945] 

NORTH CAROLINA: Buncombe Co., Asheville, 
19,2 .N,1L from raccoon, July 23, 1935 (F. J 
Ruff) [Bishopp and Trembley, 1945; USDA, 
ERB 

OKLAHOMA: Carter Co., Ardmore, Arbukl 
Mts., 49 from squirrel, May 27, 1929 (L. B 
Putman) [Bishopp and Trembley, 1945; USDA, 
ERB} 

OREGON: Douglas Co., 1 9 from pine squirrel, 
sept. 30, 1935 [Cooley and Kohls, 1945] 

SOUTH CAROLINA: Charleston Co., Bull Island, 


following records all from raccoon 39 on Nov 
15, 1988, 129 and 2 N on Jan ) 1939, 39 on 
Jan, 12, 1939, 4 and 3 L on Jan. 22, 1939, 5¢ 


on Feb. 13, 1939, 4 N on Feb. 20, 1939, 207°, 59, 
1 N on Mar. 22, 1939, 19 on Mar. 30, 1939, Io 
and 42 on May 10, 1939, 192 and 2 N on Nov 
30, 1939, 72 on Dec. 7, 1939 (locality missing 
but accession number 1 consecutive with 
previous collection and collector the same), 3% 
and 2 N on ? 10, 1939, 2 N on Feb. 20, 1940, 
2 N and 1 L on Dec. 10, 1942 (W. P. Baldwin) 
[Bishopp and Trembley, 1945; USDA, ERB} 
Texas: Live Oak Co., Oakville, 99 from 
raccoon, Nov. 30, 1908S (Mitchell and Bishopp) 
Uvalde Co., Sabinal, 99 from raccoon, Feb. 4, 
1910; 19 from squirrel, Apr. 5, 1910; 79, 24 N 
from raccoon, Nov, 12, 1910 (Pratt and Atkinson) ; 
Utopia, 19 from civet cat, Sept. 11, 1910 (Pratt 
and Atkinson) [Bishopp, 1912 Kerr Co., Kerr 
ville, 19, Ma , no year or host recorded { Banks, 
1908; as Lxodes pratti Bank identified as lexanus 
Banks: see Cooley and Kohls, 1945, p 33 and 
Bequi rt, 1945, p 160 Limestone Co.. Id 
from gray fox (lrocyon cinereoargenteus), Feb. 2, 
1949 (R B Kad Ha co. 2 from 
raccoon Apr 29, 1952 (R. B. Ead Freestone 
Co., | adult from gray fox (l’. cinereoargenteus 
Mar 10, 1949 (R. B. Ead Zavala Co., | adult 
from raccoon, Dec. 16, 1952 (O. L. Walker 
Panola Co., 39 from raccoon, Dec 16, 1952 (R 
B. Eads) [Eads and Menzies, 1950; Eads in htt 
Angelina Co., 79, 11 N from raccoon, Dec. 7, 
1940 (R. H. Baker) {Coole and Kohls, 1945 


192, 1N from raccoon, Jan. 9, 1944; 1 adult fron 
raccoon, Jan. 9, 1941 (T. MeGregor) [Eads 1 


litt Lavaca Co., | adult from raccoon, Apr. 4 
1945 (N. M. Randolph) [Eads in litt.}; Hallett 
ville, |? trom raccoon Jan. 7, 1945 (“Batt 

[Kohls in litt Bexar Co., Camp Bullis, sever 


adults from Procyon lotor fuscipes Aug. 14, 1943 


(J. M. Brennan); adults from cacomistle, Bas 


sariscus astulus flavus M. Brennan) [Brennar 
1945: Kohls in litt.}: | N from raceoon, Jul de 
1953 (J. S. Wiseman) [Eads in litt Robertson 
Co. (all collected by Manning A. Price), lot, 1 N 
from lyrocyon spp., Mar. 9, 1950; | from 


Procyon lotor, Mar. 10, 1950: 6 from P. loter 
Mar. 21, 1950; 29 from P. lotor, Feb. 27, 1951 
2 N trom cinereoargenteus, Mar. 25, 1051, 1 N 
from l recyon pp De > N fror 
Bassariscus spp., Jan. 6, 1951; 1N from B. astutu 
Feb. 4, 1951; records from Procyon spp., for 1952 


| and 23 N on Jan. 6: 7 N on Jan. 8: 1 N 


Jan and 2. N on Jan. 16 al 
Jan 28; LOS on Jan 25:2 N on Jan. 27 Co 
1 N from Lynx rufus, Oct. 25, 1950 [Kohls in 
litt.]. Uvalde Co., Concan, 19, 10 N, 1 L from 
gray fox, Feb. 2, 1939 (A. Lindquist and E. F 
Knipling). Menard Co., Menard, 19, 1 N fror 


squirrel, Apr. 28, 1929 (7 and C. O. Sonmnier 
Victoria Co., Garcitar Creek, Victoria, 3 
raccoon, Jan. 21, 1916 (J.D.M.) [USDA ERB 
Utran: Grand Co., LaSal Mts. east of Moab 
Bar A Ranch, 29 from Mustela vison energumeno 
(Banks), May 6, 1949 (D. Olver [ron Co 
Webster Flat, Cedar Breaks National Monument 
2N from Mustela frenata nevadensis Hall, July | 
1953 (D. E. Beck, M. D. Coffe ind M. L 


Kallpack Piute Co., Kingston, | 9 from Spilo 
gale gracilis sexatalis Merriam, June 26, 1952 
(D. E feck and M. L Kallpach Juab Co 
Callao, 19, 11 N from S. g. sexatalis, Aug. 12 
1953 (Dp. sec} M Kaillpacl and 1) 
Coffey) [Beck, 1955; the author reports that the 
collections from Piute and Juab Cos. repre 

only a provisional determination of /. lexanus b 
Glen M Kohl ele Co 1) i | 


from Vulpes macrolu Juri 1955 (Cline 
Jorgensen) [Kohls in litt 


VIRGINIA Fairfax Co., Vienna, 2 IN fi 


raccoon, M 26, 1952 (L. W | 
litt 

WASHINGTON Klickitat Co., Troutlake, | 
from Mustela pennant, Mar. 1901 [B DD 
1912 Skamania Co 4 Columb {1 
Forest, | tre 1936 (A. 
Shillinger sishopp 1945; USD 
ERB 

WISCONSI ld ¢ fy 
No yping, 1 Pieke, 1950 
Dane Co. (7), Madiso | 1928 [USD 
ERB—bad ed | 
consin Experiment to 

CANADA Brit ( bia, M Lel 


| 
| 
i 
=. 
i 
4 


from Procyon lotor pacifica Jan 16, 1910 (Seymour 


Hadwen) {Nuttall ef al., 1911); Monte Creek, 49, 
124 N, 3 L from weasel, July 7, 1929 (Ian M 
Cowan); Kamloops, 19, 1 N from weasel, Apr. 
12, 1930 (Eric Hearle); Nicola, 4 N, 5 L from 
veasel, Aug. 28, 1942 (Ray Turner); 14 N from 
veasel, Sept. 1, 1942 (John D. Gregson); 1 N 
from Marmota flaviventris avara, June 23, 
(Donald Cameron) {This is an emendation of 


Gareyson, 1956 who lists this host in tick-host 
index, but not in discussion of species on page 41; 
Gregson in litt Tranquille, 1 N, 75 L from 
yveasel, July 2S, 1933 (Donald Cameron); Powell 


from Mustela vison, Apr. 16, 1935 (Dr. 
Lyons) this 1 
Ly ( ook and 


a correction of collector as listed 
Kohl 1945 [Greg on, im litt } 


Vernon, 19 from dog, Apr. 20, 1940 (Hugh B. 
Leech) (Gregson, 1941, 1956]; Ewings Landing, 
1 N from dog, Oct. 15, 1941; Kamloops, N, L 
from weasel, Nov. 12, 1949 (John D. Gregson) 


Eddy ) 


from 


Cares (jt) 


1956): Powell River, 2c? (Gaine: 
Koh] 1945 Bella Coola. 


Cool and 
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squirrel (Sciurus h. douglasii) 1915; 
Hearle, 1938]; Agassiz, number and stage of ticks, 
host and date not given [Hewitt, 1915}. 


Ontario, Brampton, | N from Procyon lotor 
lotor, Dec. 28, 1949 (Douglas M. Davies) {Greg- 
son in litt.|; Kirkfield, 22, 4 N from Mustela 
vison mink, no date (R. G. Law) [Cooley and 


Kohls, 1945; Bequaert, 1945}. 

Note: The last three British Columbia record: 
were omitted by Gregson (1956) because of the 
lack of locality and host data, or check material 
(Gregson in litt 


HOST INDEX 


The host list for /xodes lexanus is a formidable 
one. It has been found on members of four 
mammalhan orders: Marsupialia, Carnivora, 
Rodentia, and Lagomorpha, and eight families. 
Considering its entire range, it appears to be not 
the least specific as to host However, Mail 
(1942) called it the ‘‘mink tick’, since, in British 
Columbia, it has been taken mostly from mustel 


TABLE II 


Hosts ov le 


vanus BANKS WITH RECORD OF OCCURRENCE IN 


PATES OF UNITED STATES AND 


PROVINCES OF CANADA* 


()rder Mar up! il 


| mil 


Didelphi 


Dick Iphiiidac 
virginiana (Calif., Md 
Order Carnivora 


Family Proeyonidae 


Procyon lotor (Del,, Md., Tex., Ont 
Procyon lotor elucus (Pla., Ga 
Procyon lotor fuscipes ( lex 


Procyon lotor pacitica (BA 
Procyon spp. (Tex 
raceoon (La., Md 


Mich., 5.C., Ten., Va 


Family B iriscidue 
Bassariscus astutus (Tex 
Bassariscus astutus flavus (Tex 
Bassariscus spp. ( lex 


civet cat (Tex 


cacomistle (Tex 


Pamal Mustelidac 


Spilogale gracilis (Calit 
Spilogale gracilis sexatalis (Utal 
potted skunk (Ariz 

Vephitis mephitis (Calt 
Vustela pennants (Was! 

son (BA 


on mink (Ont 


Vustela vi 
Vustela vi 
Vustela 
Vustela frenata nevadensis (Utal 
Vustela origene (Mont 
Putoris arisonensis (Mont 


| ilif., Colo., Mont., Wi B 


‘ el (4 


energumeno U tal 


Family Canidae 


Urocyon cinereoargenteus (Vex 
Urocyon pp (Tex 

Vulpes macrotus (Utat 

yray fox (Tex.) 

Canis familiaris (B.C 

doy (lowa, B & 


Family Felidae 


Lynx rufus (Tex 


bobcat (Wash 


Order Rodentia 


Family Sciuridae 


Sciurus carolinensis (Md 

Scirus h. |hudsonicus| douglasia (B.C 
Sciurus h. |hudsonicus| richardsoni (Mont 
Citellus lateralis (Mont 

Tamuasciurus sp. (B.C 

quirrel (Okla., Tex., B.( 

tree squirrel (B.C 

gray squirrel (Calif 

California gray squirrel (Calif 

pine squirrel (Mont., Ore 

Varmota monex (Md 

Varmota flaviventris avara (BA 
outhern woodchuck (Mo 

pallid yellow-bellied marmot (B.C 


Order Lagomorph 


Family Leporidae 


muarten (¢ lif., Idaho, Mont Syivilagus foridanus (Md 
*Classification of mammals tollows Hamilton (1939 Scientific and common names are listed as published 
the irious records for tick collections and no attempt has been made to bring the scientific names up to date 
**1lt is assumed that thi ernacular term applies to the cacomistle, not to the spotted skunk which also goe 
by this name in some localitie his animal is, of course, not the true civet cat of the Old World 
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United States, it could be 


Procyon lotor 


ids. In the Eastern 
referred to as the “‘raccoon tick’, a 
is its principal host in this region 

The family Mustelidae possesses the large: 
number of and subspecies in the host 
index, with Sciuridae second. Table IT lists the 
hosts: each tates and 
in which it occurs 
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ON THE BLACK-TIPPED HANGINGFLY (MECOPTERA, BITTACIDAE)' 


MAURICE RAY 


Ashland Colles 


A hland, 
all glen where I used to collect mosquitos 
haded b elm, blac walnut, bass- 
yvood, and box elder tree a tangle of raspberry 
bramble and pea vine contains isolated clumps of 
jewelweed, bur-marigold, or boneset; and mosse: 
and bedstraw cover the ground 
a hillside, and a creek flows 
periodically through the glen 

Late in spring, the harvestman emerges in the 
glen and patrols the upper surface of the leaves. 
Jext come the crane fly, the snipe fly, and the 
robber fly in that order. The scorpionfly, which 
is the first mecopteron to appear, 1 
I have found it elsewhere in similar locations. 
Then by June 6 or 19, the black-tipped hanging 
Biltacus apicalis Hagen, appear 
and patrol: the lower surface of the leaves. 

About two week later, another hangingfly, 
Billacus Hagen, mia be seen It 1 
edentary (perhap nocturnal), and fold 

back over its abdomen when at rest 

and extends? its wings side 
raised and the hind one 
vagaries of classification 

of hangingflies 


have been assigned to 


Qhio, there 1s a 


I] 


my home in 


1 
n 


Vi" le 1 


A well 1s located on 


absent, but 
on the wing 


even 
it 
BK. apicalis \ 
Vil with the fore wing 
lowered. Such are the 
that had these 


odonatan the 


active, 


pecies been 
would 
suborders instead of being placed in the 
ame yenu I shall have nothing further to say 
about B. strigosus 
The patrols of the 
ometimes 


different 


harvestman and the black 
tipped hangingfls overlap, and when 
they do, the hangingfly attacks and the harvest- 
midan trv to escape; but escape 1 not alway: 
for on numerous occasions I have seen 
carrying harvestmen in their hind 
ley Nor is it essential for the hangingfly to 
touch the harvestman before attacking Onee | 
aw a female hangingfly dart out at a harvestman, 
with her middle tarsus; 


the harvestman dropped to the ground, and the 


po ible 


and vrab one of its |e 


fall separated the harvestman from the hanging 


{] Compare this with what Carpenter (19381) 
vrites 
The  carher writer thought that the 
Panorpidiac exclusivels predac 1OUS, and 
this view has persisted until within ver 


Lyonnet started the notion in 
ke Insects ou 


recent eat 
1742 Li er’ 


‘Accepted for publication 
: damselfly in the pler everal time 
vith at ‘ ilway extended in the ime 
Paul Harwood identified the damse 


] 
unctus australis Montgomery | mistook it for 
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Demonstration des Perfections de Dieu,”’ where 
he states that he saw a fly of the size and 
appearance of a scorpion-fly attack a damsel- 
fly ten times its own size, and bring it to the 
ground. The Odonatan was unable to repel 
the aggressor, and would have perished from 
the repeated thrusts of the scorpion-fly’s beak 
had not Lyonnet interfered.” 


And Carpenter continue 


“Kirby and Spence (1828) describe this en- 
counter in the fifth edition of their ‘Introduc- 
tion,’ and state without reserve that the offend- 
ing insect was Panorpa communis, although 
there was certainly no evidence for this conclu- 
sion; and in view of the more recent observa- 
tions it seems clear enough that his ‘tvrant of 
insect creation’ was not a Mee opt ron.’ 


The black-tipped hangingfly does not restrict 
itself to harvestmen. It may attack a slug, or 
grab a caterpillar out otf a spider web, or wrestle 
with another hangingfly to get its pre) 
indeed, four hangingflies may be seen fighting over 
prey. But, contrary to Felt’s (1895) opinion, the 
hangingfly probably does little to reduce the 
number of mosquitoes. 

In 1955, for instance, only 
which [ took from hangingflies by shaking them 
in a pint glass jar, was a mosquito, a male Culex. 
The prey were collected on 28 inconsecutive days 
and identified as 


‘sometimes 


one of the insects, 


Insecta 


Homopte ra 1) 
Diptera 21 
Hymenoptera 13 
Coleoptera 
Corrodentia Ss 
Lepidoptera Ss 
Hempitera 
Neuroptera 
Collembola | 
Unidentified 
Arachnoidea 
Phalangida 3 


Total 
In addition, three chaleid adults emerged from 
one of the prey, a ladybird larva. 

And in 1956, which had the wettest spring and 
early summer since 1947, 19 mo quitoe 7 Aedes 
females, 6 Aedes males, 4 Culex females, and 2 
Culex males—were taken from hangingflies. The 
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prey wer collected on o¢ consecutive dav: and 
identified a 


Homoptera 224 
Diptera SS 
Hymenoptera 1] 
Hemiptera 37 
Lepidoptera 21 
Orthoptera IS 
Neuroptera 6 


Corrodentia 
Coleoptera 
Collembola 


Unidentified | 
hnoide a 


Araneae 
Phalangida 10) 


Nematoda 
Mermithoidea | 


Total 


The roundworm was 1n one tarsus of a hangingfh 

the head of a homopterous insect, in the other; 
and Dr. Robert Wolfgang, who identified th 
worm as a mermithid, thinks that it came from 
the homopt ron. There was one definite case of 
parasitism among the prey, the parasites of which 
are not given in the above list: two braconid 
adults em«e reed from cocoons borne b a 
caterpillar. 

The hangingfly preyed on aphids more often 
than any other insect in 1955; on fulgorids, in 
1956. The other homopterons were cercopids, 
cicadellids, membracids, and psyllids. Adult: 
slightly outnumbered immature insects; pupae 
were absent from the prey; and eggs were re 
tricted to two spide r egg sacs, which together 
contained 68 egg 

Though there are references in the literature to 
the rapid feeding of hangingflies, e.g., Felt (1895) 
and Miyaké (1913), they do not apply to Biltacus 
apicalis. The first feeding of the black-tippe 
hangingfly may last an hour; and, as we shall 
see, the later feedings may take twice as long 
because the are asso 1ated with mating If 
the eating of an aphid by a hangingfly is watched 
under a binocular microscope, it soon become 
evident why the feeding take 0 long. The 
hangingfly regurgitates a dark-brown fluid, which 

mble the ‘‘tobacco juice’ of a pra hopper, 
and covers a part ol the aphid with it Through 
this the hangingfly bites, and sucks out the aphid 
body fluid. Then the hangingfly injects saliva 
kneads what is left in the aphid body cavit vith 
its mandibles, draws off the mixture; repeats 1 
everal times; and « 
The hangingfly 1 
its feeding resemble: 


by Gertsch (1949 


MATING 

Early in the sease equ nbers of ile and 
female hangingth« be see with pre The 
the mal begu to predotr For the 
tificance of thi | ha refer to some oft 1 
field note 

Jul 13 Saw two ha ingfl ( 
under surface of leaf, with the females feeding o1 
pre In addition aw ten hangingtlie vit 
prey; of these, eight vere male Ouestior 
does male capture and offer prey to female during 
mating’ does male court femal 


July 15, 1955. Saw male hangingfly suspended 


from under surface of basswood leaf, hind leg 
extended holding lacewing. Female approached 
grabbed at lacewing; male released pri femal 


fed on it Male ran his cla pet down female’ 
abdomen, united with het Male and female wer 
belly to bell hanging from leaf b fore leg ther 


middle legs touching cach other; female held 
lacewing with her hind legs, male held femal 
hind leg vith hi Pair remained coupled 24 
minutes (6: 47° 7: Tl pa then they grappled tor 
remains of prey, which were dropped 

Jul 24. couple disturbe 
four-—males flew off with pre In one mating 


male captured adult ladybird, approached femal 
and offered her the beetle (covered by his abdor 


inal tip); she took prey after she bit at the mal 
hind end He coupled with her, but) the re 
mained together only a minute; then he grabbed 
prey, which wa till alive, and offered it to het 
again, but she flew off. Question wl dor 
female bite tip of male's abdomen before coupling 
July 31, 1955.) Saw two couple One of the 
males was watched before coupling. He bent the 
tip of his abdome tral at the same time, a 
distinct bulb-hike velling protruded from hi 
last segment, near middle of back; and a second 
velling, from next to last segment Phese 
vellings may be what the female bites befor 
coupling. Odd thing hen this male coupled 


vith female, the female did not bite the hind end 


of the male abdomet 


August 7, 1955. Saw one couple aw part 
of a second copulation; female bit at male’s hind 
end near dorsal gland male offered pre Lo 
female; she accepted prey, but demed him ents 
he took prey and flew off. Questio hat dor 
male do with remains of prey that he takes aw 
ile 

Prey dropped before copulati is | hed 
other coup iti ended 12 lO p 
vith male getting pr pider Male off | 
prey to other femal t 12:20, 12:40, 12:45, and 
Each time fe fed « pre but 
her abdorme b pre i! here 
upon the male took pre from | 
1:15 male began feed mn pre 1:17 he 
( irded 


Insecta 
aye 
P 
nf 
ie 
ay 
fe 
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July I! August 6, 1956. Question: what (4) The male withdraws his abdominal tip 

happens to prey after copulation ’ from between the prey and the female’s beak; 

Male got it IS time the female feeds on the prey ; and the male 

Dropped 16 time searches with his abdominal tip for the female’s 

“tes abdomen and unites with her. If, however, th 
Female got it ? times 

; ‘ male fails to connect with the female, he takes 

July 15, 1956. Saw male feeding on harvest- the prey away from her and repeats step 3. The 

man. Female approached, grappled for prey, coupled hangingflies are belly to belly, in a V 


but male refused to give it up. After some 
vresthng, both fed on prey at the same time 
Then mal coupled with female, which made no 
attempt to bite male’s hind end; copulation was 
brief, and male got prey afterwards. Another 
copulation was effected with a second female, and 
again fernale did not bite male’s hind end: copu- 
lation lasted 20 to 40 minutes, and male retrieved 
pre He then offered it to two more females, 
each of which bit at male’s hind end, but refused 
to copulate Male discarded prey Question 
what determines whether the same prey may 
be used for more than one copulation’ Saw 
couple separated them Male coupled 
with a second female, separated them; with a 
third, separated them; and with a fourth. Mal 
got prey each time, and third and fourth copula 
tions were preceded by the female's biting of the 
male's hind end. So female's willingness to 
couple is probably based on palatability of prey. 

August 4, 1956. Male hangingflies vibrate 
their hind wings when they have prey. There is 
“u seri ol po ibly five or six vibrations, then a 
rest. period, another series of vibrations, and so 
on If the male loses hi prey, he may continue 
to vibrate his wings for a series or two; then he 
discontinue the vibrations until he captures 


another pres Today | saw a male that per: isted 
in vibrating his wings, even though he had no 
prey, and I watched to see if females would be 


attracted to him They were Four females 
came up in quick succession, grappled with him, 
flew off without copulating. 

In sum, the mating of the black tipped hang ny 
fly may be featured by 

(1) The male catches and partly consumes an 
insect, spider, or harvestman. Then, with the 
prey clutehed in one or both of his hind tarsi, he 
flies from leaf to leaf 

(2) When he comes to rest, the male vibrates 
his hind wings intermittently, opens and closes his 
Cla pers, bends his abdominal tip ventrally, and 
everts and inverts his abdominal sacs If there 
is a female nearby, she may turn toward him; 
he does not vibrate her wings; and either sex 
may then approach the other. Frequently, the 
mile is attacked by another male that has no 
pre) 

(3) The male offers the prey, which is covered 
by his abdominal tip, to the femal The female 
rab at the male's abdominal tip, where the dorsal] 
eversible sacs are located, or at the prey, or at 
both It the prey 1S large, e.g., a harvestman, 
this ste p may be omitted 


formation. The male does not release the prey 
He holds it with a hind tarsus, and so does the 
female; the female holds his middle tarsi with 
hers; and both hold onto a leaf with their fore 
tarsi. Only the female feeds during copulation; 
and the duration of the copulation is proportional 
to the palatability of the prey, e.g., from 1 to 24 
minutes for ladybird and lacewing adults, respec- 
tively. Sometimes the prey may be dropped 
before copulation is finished, especially early in 
the season, so that one might (presumably) come 
upon coupled hangingflies without prey; occa- 
sionally a male or female hangingfly will attack 
and separate the couple 

(5) The abdominal tips are separated, and 
the hangingflies jerk at cach other to disentangle 
their legs and to get the prey. The prey may be 
dropped, the female may get it, but most of the 
time the male gets it 

(4) Now the male feeds briefly on the prey, 
and repeats steps 2 and 3. If the prey is still 
palatable, he may effect a second mating: if it 
Is not, the female pulls her abdomen back, fends 
off the male’s abdominal tip with her hind wings 
and prevents copulation. Altogether, the male 
may Offer the same prey to as many as five 
different females 

(7) The male finally feeds again on the prey, 
and discards it. The whole sequence lasts about 
two hours 

A search through the literature reveals a briet 
but pertinent reference to the mating ot Japanese 
hangingflies by Miyaké (1913); the bracketed 
term 1s mine 


“When the insect is caught its body is soon 
pierced and sucked dry When the feast is 
ended it [Bittacus| lets fall the corpse, or not 
infrequently holding the lifeless body with it: 
hind legs it hangs down quietly as usual 
Possibly this is done to allure the Opposite sex, 
for I have seen females come and try to take 
away the bait, whereupon the male tried to 
capture the female.”’ 


Mercier (1915) also refers to the mating of 
hangingflies: ‘On sait en effet que chez certains 
Insectes tel que les Empis, les Bittacus, par 
exemple, le male saisat la femelle 
alors que celle-ci est occupée a dévorer une proie 

Carpenter (1931) reviews the work of Miyaké 
and Mercier, and paraphrases the foregoing 
quotation: “the males of Bittacus present the 
females with particles of food, as a part of court- 
ship, as in the Empidae.”’ But Mercier does not 
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say that. What he says is: “the male seizes 
the female and then couples with her while she is 
occupied eating prey.”’ 

The female, of course, may have had the pre 
to start with. And that is what Setty (1940) 
says about Bittacus punctiger Westwood 


“On July 21, 1937, about 11 A.M. my caged 
specimens of B punctiger were seen to effect a 
complete mating. The female was hanging from 
a twig in the usual fashion, holding and eating 
a housefly. The male flew up and without 
lowering his outstretched wings, began eating on 
the side of the fly opposite that on which the 
female was feeding. In less than three minutes, 
he ceased his eating and began to bend and 
twist his abdomen freely with opened claspers 
in an effort to grasp the tip of her abdomen 
She, being apparently disturbed, stopped eat 
ing and lifted her wings for a second time 
Then the male suddenly discontinued his 
abdominal movements and began to feed 
again upon the fly. She soon followed his 
example. For the second time, the male 
ceased his eating and bent his abdomen over 
to the base of hers Feeling along the ventral 
side of her abdomen by means of the claspers 
he was able this time to apply his genitalia to 
hers. Just at the time the union was effected 
she again lifted and spread her wings. But in 
less than a second, the wings were returned to 
their resting position The female ate busil 
the rest of the time However, the male 
neither lowered his wings nor ate during the 
copulation which lasted about twenty-five 
minutes.”’ 


Setty also observed the mating of B. apicalis, 
whose behavior, he says, is “in much the same 
manner as described for B. punctiger’’; he noticed 
the fluttering of the male black-tipped hangingfly’: 
hind wings, though he fails to give the sex. And 
he describes the dorsal abdominal eversible sac: 
of B. pilicornis Westwood as being associated 
internally with tubules, which “are possibly 


scent gland 
EGG 


I have never seen the oviposition of the black- 


tipped hangingfly; but sometimes a female was 


seen--and Setty (1940) mentions having seen 
this too--in the field with an egg sticking part] 
out of her abdomen: so the female must find it 
difficult to get rid of her eggs 
Not much attention had been paid to the 
difficulties that insects experience in voiding egg 
‘Take, for example, the lace wing egy It 1: quite 
possible that the stalk of the lacewing egg evolved 
as a mechanism which eases the discharge of egg 
Popular opinion, however, assigns a_ different 
function to the stalk. Thus, an anonymou 
writer in Life (1955) uses the following caption 
for a picture of stalked lacewing eggs: ‘Complete 


metam rpho 1S begin as lace wing eggs, on stalk 


formed by females from sticky fluid, vield larvae 


that would eat each other if not 
This may have been prompted by Smith's (192: 
statement that lacewing larvae are cannibal 


) 


That is, of course, true: but not necessarily of the 


freshly emerged larvae; tor | have kept them 
two in a vial with a capacity of |e. 
to six days betore cannibalism set in What 
wrong with the Life picture indeed, what 
misleading about many picture 
is that the eggs are shown grouped Most lace 


wing eggs are laid sing) Smith notes this: and 
in 1955, [ counted 871 single eggs and 60 groupe 
eggs Any « xplanation of the eggstalk’s function 


must take this into account 
Cannibalism is factor, though; and. tl 


mother is the cannibal Once I saw a lacewing 


ovipositing in the laboratory; her secretion fail 
to stick to the gla bottom of the cage; and tl 
female was left with an egg extruding trom = he 
abdomen 
the black-tipped hangingfl The lacewing bet 


Irom on 


1 


ot lacewing egy 


d 


She was thus in the same condition a 


it 


her abdomen between her legs until the egy wa 


reached to her mouth and eaten Why then, o1 


may ask, are stalkl eygs found in nature 
Another observation I saw a lacewing wit 
an egg sticking out of her abdomen; she reache 
the egg to her mouth, but the egg struck one ¢ 
her legs, and fell to the floor of the cage Jats 
the female ate if The stalk of the lacewing eps 
anchors the eyy and enable the female to pull 
herself away trom it; and regardl of wha 
other protective lunetion the talk ma have, 
it protects the egg from being eaten by it 


mother 
Now let us return to the black-tipped hanging 


fly Sometimes temale laid egys in the lal 


oratory, with each egg being halt brown and hal 


tan; and this suggests that the stuck eggs ar 


h 
d 


eventually di charged and not eaten, as | ippen 


vith the lacewing in a similar predicament I) 
the field, the egg was occasionally knocked loose 
by the male as he attempted to copulate 

The caged hangingflies laid from 4 to 26 epg 
over a period of one to three da The eyy 1 
brown, and almost a perfect sphere, with the 
maximum diameter being 742 muicror teril 
eggs swell to a diameter of 912 micron The 
chorion is composed of a single layer, which 4 


divided he Kagonal facet ind ered hy 


fine dust The hexayor network 1s not just 

uperficial imprint on the chorion it complete] 
penetrate hell ind { the time of hatching 
each facet measure 10 microns long, 40 microt 
wide, and 10 microns thick The micropylar ar 
is indistinct When eggs are removed from th 
female and stained with methylene blue, a } 
indentation with a diameter of 20 microns may be 
een, in which one or two lght-colored are 

possibly micropyle ire located, The egy enter 
into an obligate diapause; and by removing the 
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chorion with “Clorox” (5.25 percent sodiun 
hypochlorite) and watching development throug] 
the vitelline membrane, it 1s possible to see that 
embryonic growth does not proceed beyond seg- 
mentation during the summer months 

Some of the eggs, which were laid in the 
laboratory during June, 1955, were left outside 
throughout the fall and winter, and then brought 
back into the laboratory April 4, 1956. The 
were kept moist. The eggs swelled until the: 


more than quadrupled their volume. On April 


4, the ocelh could be seen: three da later the 
hairs and mandibles were visible; on April 10, the 
hatching spine was seen midway between the eves, 


and directly behind the spine there was a structure 
that resembled a simple eye 

Hatching of the first egg was finished and that 
of the second epg started on April 12. The 
iy was ruptured just behind the 


chonon of the ( 


hatching spine The pine did not cut the 
chorion the facet were pu hed apart at their 
cams, so that the edges of the shell which 


abutted on the rent were jagged. The rupture 
vas widened and extended in four or five dire: 


tion The larva extricated its head; and then, 
holding onto the inside of the shell with it 
ucker, the larva alternately welled and con 
tracted until it got out of the shell. The larva 
lay on its back, picked up the empty shell with 
its suction disk, turned the shell over and over 


with its disk and ley and finally cast 1t awa 
In the field, the hangingflies decline in number 
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near the end of July, when an occasional adult 
may be seen in a spider web, with the spiny-backed 
pider feeding on it. By August 12 or 30, the 
adult hangingflies disappear from the glet 


SUMMARY 


Some features of the life history of Bittacus 
apicalis are described Of these, the most com 
plicated is the mating Not only does the mal 
provide the female with prey, which she feeds on 
during copulation, but he takes the remains of 
the prey away from here when mating 1s finished 
and offers them to other female 
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CORRELATION OF VERTICAL AND HORIZONTAL FLIGHT ACTIVITY OF 
MANSONIA PERTURBANS WITH REFERENCE TO MARKED 
CHANGES IN LIGHT INTENSITY 
(DIPTERA, CULICIDAE)' 


W. E. SNOW ann EUGENE PICKARD 


Division of Health and Safet Penne 


INTRODUCTION 


In 1952, a senes of observations were made on 
the diel activity of adult biting Diptera in bottom 
land forest at Reelfoot Lake, Tennessee (Snow, 
1955). Among the mosquitoes encountered wa 
Vansonia perturbans, a species considered to havi 
trong flight habits and known to feed avidly on 
man, especially the hour after sundow: 
(Howard, Dyar and Knab, 1915; Young, 1948 
At. Reelfoot Lake, femal perturbans wert 


found to make appreciable movements into 
forest CAnOps at du k and downward movements 
at dawn Along with these vertical diel move 


‘Accepted for publication Oct, 10, 1056 


alley Authorit Wilson Dam, Alabama 


ments some evidence was also obtained of hori 
zontal diel migrations from forest to grassland at 
dusk and return at daybreak and shortly there 

after. During June 1956, additional observations 
on the horizontal flight of M. perturbans were 
undertaken at Beaverdam Swamp near Green- 
brier, Alabama. It is the purpose of this paper 
to present these observations on marked vertical 
and horizontal movements of M. perturbans in 
the co-« repuse ular pha es of the diel. 

Grateful acknowledgment is made to Dr. G. E. 
Smith, Chief Biologist, Division of Health and 
Safety, Tennessee Valley Authority, for guidance 
and assistance with the field studies. Sub- 
stantial help with the field collections was also 


4 
4 


Snow and Pickard: 


1957] 


given by Mr. G. S. Christopher, Chief, Malaria 
Control Branch, and Messrs. John B. Moore and 
P. Kk. Anderson of the Biology Section. 


VERTICAL FLIGHT ACTIVITY 


Procedure.Vertical movement of M. pertur 
bans in the cypress forest at Reelfoot Lake was 
measured by the frequency Of mosquito feeding on 
individual human collectors working simultane 
ously at selected) ground and levels 
Ground, 30-foot, and 50-foot stations were used 
in the forest proper, while ground, 30-foot, and 


Canops 


7)-toot 
forest edge. In order to facilitate capture of 
mosquitoes in the dark periods, the surface of the 
body available for feeding was restricted by 
( lothing and cheesecloth to areas readily accessible 
to the collector while in a sitting position. These 
areas included the hands, forearms, and head 
from the face to the ears. 

Light intensities were measured at ground (3') 


level by a Weston photometer Model 614. 


TABLE I 


CREPUSCULAR FREDING ACTIVITY OF Mansonia perturban 
IN CYPRESS ForEST, REELFOOT LAKE, TENNESSE! 


JUNE 17, 1952 

OBSERVATION PERIODS 1902 1932 
1902 1932 2002 

0 Ft. Level 0 0 0 i! 

30 Ft. Level 0 1) 

Ground Level y 6 
Foot-Candle IS-10) 10-4 14) 0-0 
Temperature °F 87-83 | 83-82 | 52-80 | SO-8O 
Results.—Typical late afternoon and crepu 


cular feeding activity of M. perturbans in forest 
proper is presented for June 17, 1952 (Table I.) 
Sporadic feeding of M. perturbans at ground 
level was apparent in the 4-18 ft.-c. range 
Following the fall of light intensity below 1 ft.-c. 
a marked movement of mosquitoes upward wa 
observed at 30' and 50' posts. Similar number: 
of individuals captured at both 30' and = 50! 
positions rest a rather homogeneous distribu 
tion of thi species in forest After the 
first hour or so of early evening activity most of 
the mosquitoes, still unengorged, settled down on 
branches, and tree trunks in the canopy) 
and attempted to feed sporadically through the 
night. 

As in the evening twilight period when female 
of M. perturbans were first stimulated by declining 
light intensity to feed at ground level befor 
vement into the canopy, SO at dawn was thi 
same species stimulated first in the canopy to a 
second feeding peak in the diel before descending 


Canopy. 


leaves, 


mo 


to ground level and seeking diurnal resting site 
(Table IT.) Peak feeding in the canop at 
day break was well underwa at least one-half 


elevation points were sampled at the 
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hour before light could be measured ¢ the 
photometer (1. ft.- ind decline canop 
feeding did not become prot uneed unti alte 

ft.-c. were reached Thi prolor ged feeding at 

dawn in the presence of ample light especiall 

noted in the forest edge tation Here light 

intensity increased much more rapid tha l 

the protected forest) proper station. On th 


morning of June 15, 1952, a rise from O- 20 tt.-« 
occurred in the 0415-0445 interval causing sharp 
dechn canop feeding 

at ground level b 1 

yet for the next hour feeding by M. perturbans 
continued in the lower canopy and at 
level. Even with light intensities ranging 
63-150 ft.-c. over the 0515 0545 period, 


and al conseque! 


ground 
fron 


ri fe male 


were taken biting at the 30' level and 12 femal 
were captured at ground level 
II 
DAWN FEEDING AcTIVITY OF Mansonta perturbans 1 
Cypress Forest, Lake, ESSEI 
FPoresST Prorer, JUNE IS, 1952 
OBSERVATION PERIODS O300 O450 O400 
O330 400 O430 O500 
O Ft. Leve 12 12 | 
30 Ft. Level 6 17 
Ground Level 2 
Foot-Candle Oo 2.4 
Temperature 69-69 | 69-68 | 68-68 
Forest EpGe, JUNE 15, 1952 
OBSERVATION PERIOD O4LS OD 
OFS O515 
75 Ft Level 16 | 0 0 
30 Ft. Level 10 7 
Ground Level 22 12 
Foot-Candle oOo 0-20 20-63) 63-150 
Whale the re A notice ible che Cort \/ 


perturbans from canopy to ground level in tl 
forest at dawn nother movement of 1 OSC ULL OE 
from grassland to forest can also be observed at 
the same time This tends to cause a “piling up 
in the forest edge tation near ground leve 
particularly if the tuation | hat shaded 
due to vepetatior OT ich olan mediate ( po in 
to the rising sur The inerease ino number if 
ground level from these two se es. howeve 
not evident in the biting collection rie 

of the mosquitor nhowed no terest 
but mere] pa ed Ly Wwito the torest particular 


HORIZONTAL FLIGHT ACTIVITY 


Study Area Observation vere made at Be 
verdam Swamp and in adjacent cotte d yt 
fields in the vicinity of Greenbner, Alabar 


2 
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dunng June 1956. This tupelo gum swamp _ adjacent fields along a more or less perpendicular 

covers about 400 acres of spring-fed bottom and line running south of the swamp (figs. 1 and 2 
mamntaned at a relatively constant water During the collection periods, collectors remained 


Dense mats of wamp loosestrife, Decodon verti 
cillatus (L.) Ell., are present in open situation 


and appear to be the principal breeding site for 
M. perturbans. The swamp margin is vegetated 


large] k willow, buttonball. and lizard 
tail which serve as diurnal resting sites for this 


Wo quito 


elevation b everal beaverdams at the lower end 


eated on upright nail kegs and captured mos- 
quitoes attempting to feed by means of aspirators. 
Forearms and face were exposed but the back of 
the neck to the ears was covered with white 
cheesecloth. Observations were generally made 
in periods of peak activity at dusk and on one 
occasion at dawn Because of limitations of 


time and per sonnel the most extended collection 


47 


Mig. 1. -Rotary trap in operating position at margin of Beaverdam Swamp, Greenbrier, Alabama, July 16, 1956 


During the period of observation, June 12 22, 
1956, cotton and corn in adjacent fields) were 
generally less than knee high, though uncut 
wheat ranged up to 2 feet and higher Strips of 
uncultivated margin were parse] colonized by 
Johnson grass (/oleus halepensis) growing up to 
5 feet in height. Adults of M. perturbans wer 
not found resting during the day in cultivated 
fields or in uncultivated margin Beyond the 
1! mile-station, a few narrow fence rows with 
small trees were present, but no search for resting 
adult mosquitoes was made 1n these situation 

Procedure. Single collectors were stationed at 
equal intervals at the swamp margin and in 


The upper boom was sect at 6 feet to de 


on June 21-22 were only carried to 3.75 mile 
although evidence exists of considerably greater 
distances being covered by this species (McNeel, 
1932: MacCreary & Stearns, 1937) 


A rotary trap (fig. 1) patterned after a model 


used for capture of ricefield) mosquitoes was 
operated at the swamp margin simultaneous with 
the flight observations (Horsfall, 1942). The 
lower boom was set at 3 feet above the ground to 
sample air at a height comparable to the seated 
collector's position and just above the herb layer 


tf vegetation (Solidago sp.) at the wamp margin 
termine 1f 


stratification was occurring according to species 
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or Se@X (Horsfall, ibid.). Observations with the 
rotary trap at Greenbrier in 1955 indicated that 
M. perturbans was able to avoid capture in some 
instances with the cones revolving at the rate of 
Sl, times per minute or at 3.941 m.p.h. By 
increasing the rotation of the booms to 10 times 
per minute or 4.63 m.p.h. better results were 
achieved. At this rate each of the four cones 
sampled 408.4 cu. ft. air per minute. The trap 
was also useful in detecting species active during 
the early evening period but not captured in the 
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One-mile collecting station used in flight 


Flight Activity of Mansonia perturbans 


hours and at 0.9 mile feeding wa 
0.9-1 


1925 hours. At 
sidence of activit 
hour interval and 
movement The 


location of the 
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higher 


compared to 0.3 mile 


Station Was In a pate 


mile station wa 


cotton and wheat 


MOS UILOE were I! 


observations on 


vamp, Greenbrier, Alabama, June 13, 1956 (Photographed Ju 


trap collections were 
trapping in this 
small 


biting collections. Rotary 
considered superior light 
mstance a ver few moths and. only 
numbers of dung beetles were encountered. 

The first collection was made on June 12 and 
included observations at swamp margin, 0.3 
mile, 0.6 mile, and 0.9 mile (Table III). Conds 
tions were unsettled and temperatures dropped 
over the collecting pe riod from 70.3° F. to 68° F 
at the swamp margin and from 78° F.-72° F. in 
the open field. Light intensity decreased to | 


ft.-c. by 1915 hours and heavy feeding at swamp 
margin by M. perturbans occurred after 1915 
hour At 0.6 mile feeding was heavy after 1920 


po 
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Ih, 1956 

along margins having sharply contrasti 
ground In the 1915-1930 period, 2 n 
perturbans were caught on the bod 
collectors at both the 0.3- and O.6-mile 
suggesting that some 
female migratory flight 

On June 13, the collecting statio 
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hour Heavy feeding at the swamp margin 
began at 1916 hours and remained intense for the 
remainder of the observation period. Slight 
outhwesterly winds in the fields about 1920 
hours delayed mosquitoes reaching the 0.5-mile 
tation in numbers until 1926 hours. Pronounced 
feeding (18) of M. perturbans occurred from 
1924-1930 hours and thereafter. At the 1.5-muile 


tation the mosquitoes did not appear in fore 
until 1938 hour Feeding activity at 2.0 miles 
was centered in the 1935-1950 interval. From 
these two tests it appears that the moving front 
of migrating M. perturbans reached the mile 
point between 10 and 15 minutes after heavy 
feeding was first detected at the swamp margin. 
This is apparent when the results are noted for 
the 1.5-mile station (Table I[1) where mosquitoes 
did not appear in numbers until after 1930 hours. 


TABLE III 


Peeping Activity ov Mansonia perturbans At SELECTED 
DISTANCES FROM BEAVERDAM SWAMP, GREENBRIER 
ALABAMA, JUNE 12 AND 13, 1956 


12, 1956 


DIstaNck— MILES 


wamp 03 06 
1915-19380 261 70 77 35 
1950-1945 263 82 133 17 
1945 2000 31 5s $3 


limi 
mp 05;10/15); 20 
0 0 0) 0 
1915-1930 257 19 0 
1930-1945 200 128 | 123 P41) 26 
1945) 2000 149 61 27 2) 13 


Rotary trap collections of M perlurbans at the 
wamp margin made during the biting collection: 
on June 12 showed 13 males and 71 females in the 
lower cones (3!) and 4 males and 34 females in 
the upper cones (69. On June 13, 28 males 
and 55 females were in the lower cones and 10 
males and 13 females were « uptured n the upper 
COnTIes Trap collections on these two nights at 
least confirmed observations of the individual 
collectors that mosquitoes were coming in low 
or near the ground especially during unsettled 
period Breezes were estimated up to 3 miles 


per hour 

A final pair of tests was undertaken at dusk and 
dawn on June 21 and June 22, respectively 
(Table IV) Collectors were spaced from the 
swamp margin at 0.75-mile intervals to a distances 
of 3.75 miles south of Beaverdam Swamp. Late 


Society of America [Vol. 50 
afternoon rains dropped temperatures to the low 
70's where they held steady during the ear] 

evening collection The eastern sky was clear 
and a near full moon was apparent by 1945 
hour Light intensity reached | ft.-c. by 1919 
hours and feeding at the swamp margin became 
pronounced by 1925 hours. At the 0.75-mile 
station slight activity occurred at 1930 hour 
with peak feeding at 1940 hour Peak activit 

occurred after 1945 hours at 1.50 miles, 2.25 mal 

and 3.0 miles. After 2000 hours, activity wa 
sustained at 2.25 miles but dropped off at 3.0 
miles. The only M. perturbans feeding at 3.75 


miles occurred between 2000-2015 hour 

Feeding at dawn on the following morning 
(June 22) was also recorded for M. perturbans 


as this species is known to have two activi 
peaks in the diel. Typically this mosquito wa 


TABLE IV 
FEEDING Activity OF Mansonia perturbans at SELECTED 
DISTANCES FROM BEAVERDAM SWAMP, GREENBRIER 


ALABAMA, JUNE 21 AND 22, 1956 


JUNE 21, 1956 


Timi 

vamp 0.75 2 25 3.75 
1900-1915 0 0 0 0 
1915-1930 26 0) 0 0 0 0) 
1930-1945 144 60 2 
1945-2000 13 15 7 

JUNE 22, 1956 

0300-0315 15 0 0 0 0 
0315-0330 YA) 0 0 0 0 0 
0330-0345 16 2 0 0 | 
O400-0415 16 Is 2 0 
0415-0430 15 j 0 0 
0430-0445 2 0 0 


observed resting on herbs, fences, and walls of 
various structures about the premises after the 
first hour of activity and fed sporadically through 
the mght. Daybreak occurred between 0530 
0340 hours. Feeding activity increased notabl 
at the swamp margin in the 0345-0400 hour 
period although light intensity did not reach | 
ft.-c. until after 0415 hours by which time peak 


feeding had passed O415-0430 (ft.- 
1-13) mosquitoes were very flighty and mainly 
passed by toward the swamp. Air temperature 
ranged from 66-67° F. over the course of the dawn 
collecting period (O300- 0445 

An outward movement of mosquitoes could 
readily be detected in the crepuscular period and 
corroborated by biting collections. A return 
movement to the confines of the swamp could be 


observed at the swamp margin during the dawn 


13, 1956 
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period. However, due to general disinterest of 
this mosquito to feed with growing daylight, 
biting records do not reflect this tendency. Since 
this species feeds actively with temperatures 1 
the 60's, lower morning temperatures (than 
evening temperatures) do not appear to be a 
factor. 

This return movement to the swamp at dawn 
has also been noted for engorged female: which 
had fed the previous evening on livestock at a 
nearby barn (14 mile). After the evening peak 
period replete M. perturbans were observed to rest 
on the walls of the barn until daybreak when they 
took off for the swamp. None have been found 
to remain in the barn during the day although 
500 to SOO engorged females of Anopheles quad- 
rimaculaltus were found in the barn the day 
following the nocturnal feeding observations 


SUMMARY 


Observations on the diel movements of M. 
perlturbans by biting collections in cypress forest 
at Reelfoot Lake, Tennessee, during June 1952 
howed appreciable upward movement at dusk 
and downward movement from the forest canopy 
at dawn Pronounced flight activity in the early 

ening was initiated after light intensity declined 
below 1 ft.-c. and at dawn in the period from 


EVOLUTION THE AGES AND TOMORROW, by 
G. Murray McKINLEY Pp. ix+275. The Ronald 


Pre Compan 1956. Price, $4.00 

Reyardle of one per onal bia 1] convictior , one 
must admit that this is a significant book which ap 
proaches the subject of evolution and man's place in it 
from a fresh point of view and with thought-provoking 
conclusior It deserve thorough reading and con 

deration, even though one may disagree with the mau 
thesis and the methods by which it is de eloped 


It is hardly correct to say that the approach to the 


ubjyect 1s new: rather, it 1 i very old one whose fre 


ness rises from the fact that it utilizes many new mater 
ils which are only now becoming available hese 
materials are drawn from the new physics and astro 
p ic from semantics, cyberneti nd modern 
psyvcholog is well as from the biological science 
he author believe that yreat cor can be 
made by the philosopher turned scientist and the sei 
entist turned philosopher, and it is in the latter role that 
he attacks the problem of evolutio nd ma dest 
He attempts to reconstruct the story of evolution from 
the birth of the universe, three to four | on year yo 
through the be nings of life, mind, social development 
1 t d conceptual thought Instinct has reached 
highest development in the insects; man, freed from 
the complete dor nee of t t is developed 
izatio ten of et both from animal 
or thro the evolutionar:4 proce M ot 
the go | of evolutio bu further progre I 1 ome 
throu progre I dered | 
1 failure to ad t fhicier ell to social life, | 
Ck ol pop lation contro or the dec eolt trie 
t leve All three are cording to the author, ver 


Honzontal flight was also measured b batinys 
records and detected vi uall Im cottor ind cort 
fields adjacent to Beaverdam Swamp neat 
Greenbrier, Alabama Jur Flight 
activity commenced in force at the swamp margit 


a few minutes after light intensity declined below 
1 ft.- The moving front of migrating mo 

quitoes reached the mile point between 100 and 
1D minute after heay feeding was observed at 
the swamp margin. Ver light activit wa 


registered at 3.0-mile and 4.75-muile statior 
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active threat he final « pter presents some interest 
ing and seriously disturbing, thous not whol d 
ieartening, speculatio to the future of m 1 of 
the world in which he live 

The underlying thesi the onene of mind, matter 
and energy lhe interpretatio not mee nistic, but 
rather an outgrowth of the pantheism of Bruno 
Spinoza Purpose enter the picture throu, t 
mind-matter-enery ibst ‘ ecking 
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BOOK NOTICES 
EVOLUTION AND CLASSIFICATION OF THE The eraye reader ll] probably feel inclined to skip 
MOUNTAIN CADDISFLIE by Hernert H over much of the technical material in chapters 3 to 5 
Re The University of Illinois Pre Urbana and turn to the last three chapter (Chapter 6 is devoted : 
i+ 214 pp $70 5 chart 1056 $6.00 to an enumeration and discussion of the dispersal charac 
Attempts by biogeographers to determine the place teristics or trend common to all three families of 
d time of origin of cool-adapted mals have been to montane caddisflie It is concluded that the montane 
larye extent thwarted by the fact that sucl yroup faunae of outh Ameri Australasia, and 
even on the generic and specific levels, tend to be de] J e been derived from the fauna of the Northern 
distrib the Holarctic Region Moreover, there Hemisphere the result of infrecqquent disper Pour 
is a peneral paucity of fossil material for such group main dispersal centers are represented in the Northern 
Phe primitive caddisflies have left little in the way of a Hemisphere e being the mount of Europe 
fossil record so far e kno but presumahbl € nd the Ne tast, Asia, wester er} nd : 
alle se limited more or ie closely to eastern North America. Dispersal between the latter Y 
flowing, cool ters of mountainou re ; ' two mountain tems has been Ie frecqjuent thar 
ot bee ble to disperse through the Holarctic Region between the first and second or the second and third FY 
ce dely and free] many other cool-adapted forn The author does not find it nece ry to postulate Ps 
Furthermore, the em to have bee ubject to period trans-Atlantic connection between Europe and eastern 
A greatl prolonged isolation in. more outhern are North America or a direct, southern connection betwee 
A i result the uthor of this me book state ‘* he Australia and South America 
primitive caddistly families present an opportunity to Chapter 7, which is the most speculative portion of the 
trace dispersal patterns further into the past than has hook, is an attempt to correlate dispersal pattert 1th 
rer po ne ith other coolead pted group that have the veological time scale It i of interest that thi 
bead estipated chapter contains, in addition to the original material, 
As it should be, the author approacl to biogeography ummary of some of the more recent geological literature 
pl Vlogeneti His method of attack involve three of impor tance im biogeograph 
¥ major step reconstruction of the phylogeny of the Phe eighth and last chapter primarily a summary 
7 nimals involved, i teyration of pl ylogenetic conclusions of ¢ hapter 7, with the addition of UpKE ed problems for ; 
ind distributional data so to discern dispersal pat further investigation lhe bibliography is given : 
terns, and, finally, correlation of all data and conclusion: seven page "he index appears to be adequat 
ith information from historical geology and climatology The case of the caddisflies 1s presented in the kind of ” 
n order to arrive at a theor reyarding times of faunal tr iightforward and boldly speculati em er that : 
origin and dispersal because of its clarity and definitenc makes meaningful 
( hapter 1 of the bool devoted to an outline of criticism pos ible Whether the re ler ayrees or di 
problem d clarification of concept Chapter 2, agrees with the conclusions set forth, he will undoubted! 
hich 1 it excellent introduction to the order recognize this work in important ddition to modern fe 
lrichoptera, i t the same time an important contribt biogeographical literature The tematist will further 4 
tion to the tematic ind phylogeny of the higher recognize it as a major contribution to the Classificatior 
yroups of the order According to the author, the order of the Trichoptera 
Prichoptera originated as a cool-adapted group ul R. B. SELANDER 
equently it diversified a uch, only much later giving ee 
rise to warm-adapted group Three of the most prim 
tive fumuln of the order, the P} ilopot Rhyacop 
hilidae, and Glossosomatidae have deviated from the SYSTEMATICS OF THE SUBORDER TUBULIFERA 
neestral habitat of the order only in occasional line (THYSANOPTERA) IN CALIFORNIA, b H 
ind a result are almost entirely montane in distribu Epwin Cort, University of California Publication 
Lior ( hapter 2 close with a re ‘ of the scanty fossil i! Entomology, vol. 14, Pp 1-216 pl 1-4 Ur eT 
1 record of the Prichoptera SIty of California Pre Berkel nd Lo Ange le ‘}: 
7 (Chapter 3, 4 ind 5 are devoted to the familie 1956 Price $3.50 
Philopotamidae, Rhyacophilidae, and Glossosomatidae, his paper is the first attempt in nearly 50 years to 
: respectively Each el ipter begin with a section on make it po ible for the yener il entomologi t to identify 
evolution and dispersal of the family under consideration thrips of this suborder in California, and as such has a 
and ends with a tematic account In the first sectior alue well beyond its intrinsic merit The Tubulifera 
the author presents the evidence and line of reasoning and the two families recognized in it by the author are 
by which he has attempted to reconstruct the phylo diagnosed; descriptions of genera, subgenera, and speci 
>. yenetic history of tl begin y with the major and ke from suborder to pecies are prov ided 
branches of the pl tree and extending out to The introductory material give brief account of 
the finer tips represented by the individual speci past work in this country, the difficulties of working 1 
At the ime time distributional data 1 inteyrated with the order, biology, me thods of collectio and prep ratior 
phyloy etic conclusion vith the result that a unified the procedures followed in describing speci the nome 
hypot concerning evolution and dispersal emerge clature of immature form nd a novel evaluation of 
Phe orgat ition of such a tremendou mount of mor character rhe part on preparation is inadequate, for 
pholo cal na eoyraphi i] data nece iril lead to the difficulty of making good preparatior as great 
comple the nor peciali hould be ble to tumblir block a there 1 in the i of good ork o1 
follow and evaluate the discussion, however the Physanoptera The « luation of character could oe 
suthor has included hundreds of drawings of morpho well have been supplanted by the more usual explanation 
logical feature primarily genitalia and wing well description, and or definition of character vhich would 
is numerous phylogenetic. diagram nd map ill of better have served the general entomologist for whom 
which are vell arrat ped in relation to the text and well the work 1 chiefly tended Phe ummar¢r of the 
nteyrated Phe tematic section for each tluation ought to prove extreme] iseful CONCISE 
family is in the form of a bref synopsi with ke to list of character 
trib penera ubgenera, and (in man Although a few yroups are hanyed the work 
CASE is not intended revision Gener re take Ip 
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ibetical order according to the tribal and subfamilial 


n 
assignments in Priesner's 1928 Die Thysanopteren 
Europas, and although there is occasional mention of 
relationships, the subfamilies and tribes themselves are 
not defined he descriptions of genera, which are 


therefore some\ 


tion of this wor 


lat repetitious, are the major cont 
c And let no one think it was an eas) 
task to prepare them. Of the 29 genera and sub 
included, it is not apparent from the context th 
had acce to the type species of more than 12, althoug! 
it is likely that he si number of types of u 
digenous genera Whatever the case 
he has had to measure by concept 
nd species other than t and both of these are 
In a group Cot 

o many inadequately defined genera and inappropriate] 

igned species as the Tubulifera. He ha 

in defining the concepts of most or all of these yener 
currently understood so 
to others, and while the de eriptior are not fully ade 
cjuate for revisionary purpo es, the \ pro ide much new 
material and perform a majoc service in bringing together 
material previously published. Again in the specifi 
descriptions Cott was handicapped by the lack of type 


ources uncomfortably 


uccecded 


material, and in at least one speci (Leptothrip mali 
the description is of a form, probably a geographical 


iriant, commoner in California than the type locality 

Cott has attempted to furnish the necessary informa 
tion about nomenclature without vomy too deeply nto 
the problems, and the results are likely to be satisfactor 
in most case The discussion of Aarnyothrips, however, 
hould have been reviewed by 
understanding of nomenclature. There is a typographical 
error in the citation Priesner 1949: 51, which should 
read 1949: 151. Such errors in nomenclature ire 
readily apparent in other groups are minor 

| 


omeone with more 


Phe lack of an index is made up for to a degree by the 
ease of locating material from the table of content ind 
the key | deplore the omission of parentheses from 
the names, which in the speci ynonymies leaves ne 
combinations indistinguishable from new name ind I 
commend the careful documentation of type dat 


material studied, and other information, which ought 


to be standard practice in taxonomic papers and is not 
The lengtl period between the completion nd publ 
cation of the paper, unfortunate though thi lw 1 


aw only one of the generic names changed, Oedaleothrip 
Hood to Lepltoga trothrips b Hartw 
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TAXONOMIS1 GLOSSARY OF GENITALIA IN 


INSECTS, by S. L. Tuxen (Editor Pp. 284, 215 
figure Eynar Munksgaard, Copenhagen, Denmark 
1956. Price, bound, d. kr. 80 

The insect taxonomist 1 well aware, first, of the 


importance of genitalic characters in the classification 
and identification of insects, and, secondly, of the dif 
ficulty of interpre cing venitalic structure In groups other 


than those of his particular field of stud Genital 


terminolo is compl 
usage | different 
ernacular term 
The pre ent book 
need for the taxo 
he especially valual 
broadly comparati 
vho ha ettled do 
find it a very desiral 
The book ts di 
1-174) co ts of t 
one order of insect 
in that order Phe 
the editor eem to 
known taxonomiust 


re 
Ame 


Edmur 


Europe 


ri 


contrib 
either wt 
nece 
yeneral 
material 
i beer 
al pt 


reterence 


Che second part 
r glo ! 
i ell a those use 
to i limited extent o 
Either term re 
ynonym whicl d 
oft no I usu pe 
comparable, thous 
( e of Latin or Lat 
d the me 
ire proposed; these 
these are Lindrotl 
euventral, eusinistral 
logicall 
other than yentta 
Phe Editer mode 
ithout misprint 
but kno ledye oft 
edition ome 
re re t ‘ 
detern ed | thie 
pect ti t thie re 
on the Diptera 
from certain Chapt 
cited in the text 1 
dded thou 
give complete bibl 
have increased the 
notable om oO 
“po bye econd 
these re 
current literature, al 
Rai re mak 
Lat d Greek tet 


b 
tte 
iril 
reatme 
donte 
er 


further ) tio 
font 
d the Of 
fferent moder neu 
fi portant spec 
the morphologist | 
e bes er or the rker 
but the establ ed worl 
ree pe | 
tu to brat 
part The tirst 
‘ pter devoted 
one or more per | 
e collaborator id 
ell chose rr 
per il field M tolt 
the other re the Nor 
it Louise M. Russell, N 
Edward Re 
the oftheial | 1 
| Spe co borator 
ted into that | hid pre 
mult ple thor ork | 
electio of illustrat 
iuniform tem of labe 
istratio Most, but 
led list of Import 
y 284 n alphabet 
f Lat nd Gsreek orf 
lish, Fre h, Gert 
ler pre chuck 
or retererce made to 
Det tor ide ment 
1 utheor reference 
mymous, tern nd 
ra the form of the ye 
e plur ome tert 
d ted 1 Am 
mit proposal of eudor 
tie of these tern 
miighit bye ite usetu 
ts that the bhoolh 
‘ ‘ nd re ert 
improve po le eco 
1 t po erre 
or re present 
find nore the 
I find neo | 
Important reference 
hich reference r ‘ 
thie could well |} e be 
litor state attemnt 
references to Part I] 
the book undu Anot 
howe ll be corrected 
t t of Ru ter 
‘ tr 
Maurice Jami 


313 
les} 
rlor 
refore f 
for 
to 
dd 
dad inte 
te 
lwrit 
hirt ! 
ver 
their 
means Alexander B. Kl 
Charl DD. Mt nd 
M. Walker. Eng! ‘ 
non-Engl r 
a or transla A 
rt ti ‘ 
However 
PI 
pp. 
| d 
ed 
to 
not 
re clear 
nd P 
j 
| 
tructur 
dt 
: 
‘ 
re ‘ 
ery fe er 
ontu 
yrap | 
yth of 
cho | 
i 
6 


$14 


ANNALS OF THE ENTOMOLOGICAL SociETY OF AMERICA 


Hotice 


MANUFACTURERS OF INSECTICIDES 
MANUFACTURERS OF INSECTICIDE EQUIPMENT 
MANUFACTURERS OF ENTOMOLOGICAL SUPPLIES 
PUBLISHERS OF ENTOMOLOGICAL BOOKS 


ALL INDUSTRIES CONCERNED WITH PEST INSECTS AND THEIR 
CONTROL OR BENEFICIAL INSECTS AND THEIR CARE 


Your advertisement in the ANNALS OF THE ENTOMOLOGICAL SOCIETY 
OF AMERICA will be sent around the glob and will be seen by most of the 


world’s leading entomologist 
For advertising rates please write 


Executive Secretary 
ENTOMOLOGICAL SOCIETY OF AMERICA 
1530 P Street, N.W. 

Washington 5, D. C. 


A nnouncing a new text 


GENERAL AND APPLIED 


ENTOMOLOGY 
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Written simply and clearly, this text treats the science of entomology as a 
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biology and control Enough material has been included in the book to give the 
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CONTROL THESE INSECTS 


CHLORDANE: Ants, Armyworms, Blister Beetles, Boxelder Bug, Brown Dog Tick, 


Cabbage Maggot, Carpet Beetles, Cattle Lice, Chiggers, Cockroaches, Crickets, 
Cutworms, Darkling Beetles, Dog Mange, Earwigs, Fleas, Flies, Grasshoppers, 
Household Spiders, Japanese Beetle Larvae, Lawn Moths, Lygus Bugs, Mole 
Crickets, Mosquitoes, Onion Maggot, Onion Thrips, Plum Curculio, Sarcoptic 
Mange, Seed Corn Maggot, Sheep Ked, Silverfish, Sod Webworms, Southern 
Corn Rootworm, Strawberry Crown Borer, Strawberry Root Weevils, Sweet 
Clover Weevil, Tarnished Plant Bug, Termites, Ticks, Wasps, White Grubs, 
Wireworms...and many others. 


HEPTACHLOR: Alfalfa Snout Beetle, Alfalfa Weevil, Ants, Argentine Ant, Army 


END 


worms, Asiatic Garden Beetle Larvae, Black Vine Weevil, Root Maggots, Clover 
Root Borer, Colorado Potato Beetle, Corn Rootworms, Cotton Boll Weevil, 
Cotton Fleahopper, Cotton Thrips, Crickets, Cutworms, Egyptian Alfalfa Weevil, 
European Chafer, Eye Gnats, False Wireworms, Flea Beetles, Garden Web- 
worm, Grasshoppers, Japanese Beetle, Leaf Miners, Lygus Bugs, Mormon 
Cricket, Mosquitoes, Narcissus Bulb Fly, Onion Maggot, Onion Thrips, Rapid 
Plant Bug, Rice Leaf Miner, Salt Marsh Sand Fly, Seed Corn Maggot, Spittle 
bug, Strawberry Root Weevils, Strawberry Rootworms, Sugar Beet Root Mag 
got, Sweet Clover Weevil, Tarnished Plant Bug, Tuber Flea Beetle, Western 
Harvester Ant, White Fringed Beetles, White Grubs (June Beetles), Wireworms 
...and many others. 


RIN: Budworms, Cabbage Worms, Cotton Boll Weevil, Cotton Bollworm, Cot 
ton Fleahopper, Fall Armyworm, Grasshoppers, Hornworms, Leafworms, Rapid 
Plant Bug, Spiny Bollworm, Sugar Beet Webworm, Tarnished Plant Bug, Thrips. 
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A Cyanamid Report 


Resistance 


Resistance to chlorinated hydrocarbon type 
insecticides has been proven or suspected in: 


cockroaches house flies 
mosquitoes flea beetles 
Colorado potato beetle cotton boll weevil 
dog and cat fleas body lice 

bed bugs lygus bugs 
codling moth cotton leaf worm 


leafhoppers dog ticks 


Many researchers have found malathion to be 
a capable replacement for the chlorinated 
hydrocarbons and have made recommendations 
for its use. If you have a “‘resistance’’ problem 
in your area, you might well consider malathion 
for your 1957 research schedule. 


Developers and producers of malathion and parathion 


Write for AMERICAN CYANAMID COMPANY 
particular Agricultural Chemicals Division 
technical Insecticide Research 
information 30 Rockefeller Plaza, N. Y. 20, N. Y. 
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ENTOMOLOGICAL SOCIETY OF AMERICA 


The firms and institutions listed here are proudly acknowledged as Sustaining Associates of 
this Society. We commend these Associates to the attention of our member The effective 
years shown are as of April 5, 1957 ‘4 
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General Food Corporation Div of Coop G. L. F. Exchar ve, P. O. Box 337 
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1955-56-57 R. J. Reynolds Tobacco Company 
The Gardening Council Winston-Salem. North Caro 
California Spray-Chemical Corpora- Newark, New York. 1956-57 1956-57 
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Lucas & Ortho Way General Chemical Division ee fe. 
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Colloidal Products Corporation Jackson & Perkins Company oer Thompson-Hayward Chemical 
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Sausalito, California. 1956-57 15 Southwest Boulevard 
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The Dow Chemical Company America 1056-57 
Agricultural Chemicals Division Menlo Park, New Jerse. 
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Midland, Michigan. 1956~57 The Triangle Company 
Monsanto Chemical Company 320 W. Market Street 
E. I. duPont de Nemours Co., Inc. 800 N. 12th Boulevard California, 1956-54 
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1955-56-57 Niagara Chemical Division Research Department 
Food Machinery & Chemical 8) Federal Street 
Eastern States Farmers’ Exchange, Corporation Boston 10, Massachusett 
Inc. 100 Niagara Street 1955-56-57 
26 Central Street Middleport, New Yor! 
Massachusett 1955-56-57 Velsico Chemical Cosporation 
S. B. Penick & Company oan 1. 
Fairfield Chemical Division 50 Church Street 1955-56-57 
Food Machinery and Chemica! New York 8, New Yori ; 
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141 Willson Products Division 
New York 17, New York 
1956-57 Pennsylvania Farm Bureau Reading, Pent f ith—57 
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